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(57) Registers (20, 22; 20, 22, 30, 32) are arranged 
along at least opposite two sides of the four sides of a 
dynamic random access memory cell array (1). The reg- 
isters are interconnected via an internal data bus line 
(GIO0 to GlOn; GIO0 to GI0127; SGIO0 to SGIOn) 
used for internal data transfer for the memory cell array. 
At least one register (20; 20, 30) of the registers (20, 22; 
20, 22, 30, 32) arranged along the opposite two sides is 
coupled with an external data bus, and the other regis- 
ter (22; 22, 32) is coupled with an internal circuit via an 
internal data bus. An external controller (62) which con- 
trols an operation in response to an external control sig- 
nal is provided for the register (20) coupled with an 
external circuit. An internal controller (72) which con- 
trols an operation according to a control signal from the 
internal circuit is provided for the register (22) coupled 
with the internal circuit. The external and internal cir- 
cuits are permitted to simultaneously access the mem- 
ory cell array only when the external and internal circuits 
read the data of a memory cell located at the same 
address of the memory cell array (1). 
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Description 
Field of the Art 

[0001] The present invention relates to memory inte- s 
grated circuit devices, and in particular to a memory 
integrated circuit device having a dynamic random 
access memory (DRAM) and a plurality of registers for 
data transfer formed on the same chip. More specifi- 
cally, the present invention relates to a logic integrated 10 
DRAM in which a DRAM, a logic such as a processor, 
and registers for data transfer between the DRAM and 
the logic and between the DRAM and the external are 
formed on the same chip. 

15 

Background of the Art 

[0002] Logics such as processors have been 
improved in performance and enhanced in operating 
speed. The DRAM employed as a main storage in a 20 
memory system has also been increased in storage 
capacity and operating speed. In a DRAM, a memory 
cell includes a capacitor for storing information in the 
form of electric charges, and an access transistor con- 
figured of an insulated gate type field effect transistor 25 
(MOS transistor) for selecting the capacitor. In order to 
avoid threshold voltage loss of the stored information 
caused by the access transistor in writing and reading 
information into and from the capacitor, the gate poten- 
tial of the access transistor (i.e. a word line potential) is 30 
boosted to a voltage level higher than a normal operat- 
ing power supply voltage. Thus, microfabrication of the 
elements configuring a DRAM is behind that of the ele- 
ments configuring a logic large-scale integrated device 
(LSI) such as a processor and the operating speed of 35 
the DRAM cannot keep up with that of the logic LSI. 
Consequently the performance of the memory systems 
in which the DRAM is employed as the main storage is 
limited by the operating speed of the DRAM. Moreover, 
in the data transfer between the DRAM and the logic 40 
LSI, the number of bits of the data transferred at one 
time depends on the number of the data input/output pin 
terminals of the DRAM, and transfer of a large amount 
of data at high speed cannot be achieved. During this 
transfer period, the logic LSI such as a processor is kept 45 
in a wait state until the required data reaches the logic 
LSI. and the performance of the system is thus 
degraded. 

[0003] In order to eliminate such disadvantages attrib- 
uted to DRAM, a DRAM and a logic such as a processor 50 
may be formed on the same chip. The data bus between 
the DRAM and the logic is an interconnection line inter- 
nal to the chip and the width of the bus (i.e. the number 
of the bits of the bus) can be increased. Also, the inter- 
connection line internal to the chip is smaller in load 55 
than an on-board wire and can rapidly transfer a large 
amount of data. For such a logic-integrated DRAM or a 
logic LSI mixed with a DRAM that the DRAM and the 
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logic are formed on the same chip, sufficient considera- 
tion need be given to the configuration of the DRAM to 
allow the efficient data transfer, and to the data transfer 
between the DRAM and an external circuit or an internal 
circuit (a logic). 

Disclosure of the Invention 

[0004] An object of the present invention is to provide 
a memory integrated circuit device having a configura- 
tion suitable for integration with logic such as processor. 
[0005] Another object of the present invention is to 
provide a memory integrated circuit device having a 
configuration suitable for integration with logic and 
capable of efficient data transfer. 
[0006] In a memory integrated circuit device according 
to the present invention, a plurality of internal data bus 
lines transmitting and receiving data to and from a 
memory cell selected in a memory array are coupled 
with a plurality of registers each having register circuits 
the number of which is the same as the bus width of the 
data bus. 

[0007] Preferably, the plurality of registers are 
arranged individually along at least two sides of four 
sides of the memory array. Preferably, the registers are 
arranged oppositely in the direction in which the internal 
data bus lines extend. 

[0003] Apart from the oppositely arranged registers, a 
registers connected to the internal data bus lines by 
interconnection lines of another interconnection layer 
and different from the internal data bus lines are 
arranged along remaining sides of the memory array. 
[0009] Each of the plurality of registers is also adapted 
to function to read/write data under the control of a con- 
trol circuit. 

[001 0] The interconnection of registers via the internal 
data bus lines of the memory cell array can eliminate 
the necessity of arranging additional interconnection 
lines for data transfer between the registers and thus 
can reduce the area occupied by interconnection lines. 
[0011] Moreover, the internal data bus lines in the 
memory cell array arranged linearly, can interconnect 
the registers at the minimum distance and thus allow 
rapid data transfer. 

[001 2] Since a plurality of registers are interconnected 
via internal data bus lines, the data from one register 
can be written into a memory cell selected in the mem- 
ory array, while a data transfer to another register can 
be simultaneously achieved. Also, the data read from 
the memory array can be stored into the plurality of reg- 
isters simultaneously. 

[0013] Furthermore, another interconnection layer 
used to also connect further registers to the internal 
data bus lines allows rapid data transfer to various inter- 
nal or external circuitry. 

[0014] The foregoing objects and features and other 
features and advantages of the present invention will 
become more apparent from the following detailed 
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description of the preferred embodiments when taken in 
conjunctions with the accompanying drawings. 

Brief Description of the Drawings 

5 

[0015] 



Fig. 19 schematically shows a relation between bus 
interconnection layers in the bus arrangement 
shown in Fig. 18. 

Fig. 20 schematically shows the configuration of a 
main portion of a memory integrated circuit device 
according to a fourth embodiment of the present 
invention. 

Fig. 21 is a waveform diagram representing an 
operation of the memory integrated circuit device 
shown in Fig. 20. 

Fig. 22 schematically shows a configuration of the 
external controller shown in Fig. 20. 
Fig. 23 schematically shows a configuration of a 
data write control signal generating portion of the 
register control circuit shown in Fig. 22. 
Fig. 24 schematically shows a configuration of a 
signal generating portion for reading data, of the 
register control circuit shown in Fig. 22. 
Fig. 25 schematically shows respective configura- 
tions of the DRAM control and DRAM driver shown 
in Fig. 20. 

Fig. 26 schematically shows the configuration of a 
modification of the third embodiment of the present 
invention. 

Fig. 27 is a waveform diagram representing a data 
transfer operation according to the third embodi- 
ment of the present invention. 
Fig. 28 schematically shows a configuration of the 
DRAM control according to the fourth embodiment 
of the present invention. 

Fig. 29 schematically shows the entire configura- 
tion of a memory integrated circuit device according 
to a fifth embodiment of the present invention. 
Fig. 30 schematically shows the configuration of a 
modification of the memory integrated circuit device 
according to the fifth embodiment of the present 
invention. 

Fig. 31 schematically shows the configuration of a 
modification of the memory integrated circuit device 
according to the fifth embodiment of the present 
invention. 

Fig. 32 schematically shows a chip layout of a 
memory integrated circuit device according to the 
present invention. 

The Best Mode for Implementing the Invention 

First Embodiment 

[0016] Fig. 1 schematically shows an exemplary con- 
figuration of an array portion of a DRAM used in the 
present invention. A DRAM array 1 shown in Fig. 1, as 
will be described later, includes a plurality of dynamic 
memory cells arranged in a matrix. Memory cell array 1 
is divided into a plurality of subarray blocks SBA00 to 
SBA77 each having a plurality of dynamic memory cells 
arranged in rows and columns. Subarray blocks SBA0O 
to SBA77 are arranged in a matrix and grouped into 



Fig. 1 schematically shows the configuration of a 
DRAM memory cell array used in a memory inte- 
grated circuit device according to the present inven- w 
tion. 

Fig. 2 schematically shows a bus arrangement for 
one column block of the memory cell array shown in 
Fig. 1. 

Fig. 3 shows a bus arrangement for one row block 75 
of the memory cell array shown in Fig. 1 . 
Fig. 4 schematically shows the configuration of one 
subblock of the memory cell array shown in Fig. 1. 
Fig. 5 schematically illustrates a relation between 
the interconnection layers in a memory cell array. 20 
Fig. 6 schematically shows the configuration of a 
main portion of a memory integrated circuit device 
according to a first embodiment of the present 
invention. 

Fig. 7 schematically shows the configuration of a 25 
register circuit included in the register shown in Fig. 
6. 

Fig. 8 schematically shows a connection route 
between a register circuit and a selected memory 
cell. 30 
Fig. 9 is a waveform diagram representing an oper- 
ation in the first embodiment of the present inven- 
tion. 

Fig. 10 schematically shows the configuration of a 
first modification of the register circuit included in 35 
the register shown in Fig. 6. 
Fig. 11 is a waveform diagram representing a data 
transfer operation between a register and a mem- 
ory cell selected in a DRAM memory cell array. 
Fig. 12 shows the configuration of a second modrfi- 40 
cation of the register circuit included in the register 
shown in Fig. 6. 

Fig. 13 schematically shows the configuration of a 
main portion of a memory integrated circuit device 
according to a second embodiment of the present 45 
invention. 

Fig. 14 schematically shows a connection between 
registers arranged as shown in Fig. 13. 
Fig. 15 is a waveform diagram representing an 
exemplary data transfer operation in the register so 
arrangement shown in Fig. 13. 
Fig. 16 is a bus arrangement for connecting the reg- 
isters shown in Fig. 13. 

Fig. 17 schematically shows an arrangement of 
interconnection layers for interconnections between 55 
registers. 

Fig. 18 shows another arrangement of buses con- 
necting registers in a third embodiment. 
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eight row blocks RB#0 to RB#7 and eight column blocks 
CB#0 to CB#7. Each row block includes eight subarray 
blocks arranged alignedly in the row direction, and each 
column block includes eight subarray blocks arranged 
alignedly in the column direction. In a memory cell 
select operation in memory cell array 1 , one of eight row 
blocks RB#0 to RB#7 is driven to a selected state. 
[0017] Fig. 2 shows an arrangement of an internal 
data bus line for one column block CB#i shown in Fig. 1 . 
In Fig. 2, column block CB#i includes eight subarray 
blocks SBAOi to SBA7i and is provided with four com- 
mon global IO lines (pairs) GlOa to GlOd extending in 
the column direction. Subarray blocks SBAOi to SBA7i 
are each provided with four local IO lines (pairs) LlOa, 
LlOb, LIOc and LlOd for transmitting and receiving data 
to and from only the corresponding subarray block. In 
one column block CB#i, one of eight subarray blocks 
SBAOi to SBA7i is put into a selected state and the 
selected subarray block transmits and receives data to 
and from global IO lines GlOa to GlOd via local IO lines 
LlOa to LlOd. 

[0018] Fig. 3 shows a schematic configuration of one 
row block RB#j among the eight row blocks shown in 
Fig. 1. In Fig. 3, row block RB#j includes eight subarray 
blocks SBAjO to SBAj7 arranged alignedly in the row 
direction. Subarray blocks SBAjO to SBAj7 are each 
provided with four local IO lines LlOa to LlOd. Subarray 
blocks SBAjO to SBAj7 are provided with common word 
lines WLO to WL255 each connected to the memory 
cells arranged that alignedly in each respective row of 
subarray blocks SBAjO to SBAj7. 
[001 9] Subarray blocks SBAjO to SBAj7 are each pro- 
vided with four global IO lines GIOs extending in the col- 
umn direction. In Fig. 3. subarray block SBAjO is 
provided with four global IO lines GIO0 to GI03, subar- 
ray block SBAjl is provided with global IO lines GI04 to 
GI07, and subarray block SBAj7 is provided with global 
IO lines GI028 to GI031. TTius, a total of 32 global IO 
lines are arranged to allow simultaneous 32-bit memory 
cell data transfer. The global IO lines are arranged in the 
areas between the subarray blocks. TTiese areas are 
not provided with memory cells and are referred to as a 
word line shunt region WS in which each of word lines 
WLO to WL255 is connected to a low-resistance metal 
interconnection line (a first level aluminum interconnec- 45 
tion line). The word lines in the subarray blocks are 
formed of the first layer polysilicon interconnection lines. 
The connection of the relatively highly resistive polysili- 
con word lines to the low-resistance metal interconnec- 
tion layer in word line shunt region WS equivalently so 
reduces the resistance of the word lines and allows 
rapid transmission of word line select signals. 
[0020] Fig. 4 schematically shows a configuration of 
one subarray block of the memory array shown in Fig. 1 . 
In Fig. 4, sifcarray block SBAij is provided with four glo- 55 
bal IO lines GlOa to GlOd and includes memory cells 
MCs arranged in 256 rows and 128 columns. Word lines 
WLO to WL255 are each connected to memory cells 
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MCs of one row. Bit lines BL0 to BL127 are arranged 
corresponding to the respective columns of memory 
cells MCs. Bit lines BL0 to BL127 are each provided 
with a sense amplifier SA which is activated to sense, 
5 amplify and latch the potential on the corresponding bit 
line. For DRAMs, as is well known, bit lines BL0 to 
BL127 are each configured of signal lines complemen- 
tary to each other and sense amplifier SA differentially 
amplifies the potentials of the complementary signal 
10 lines of the corresponding bit line. In Fig. 4, a bit line pair 
is represented as a bit line in order to simplify the figure. 
Accordingly, local IO lines LlOa to LlOd and global IO 
lines GlOa to GlOd are all complementary signal line 
pairs. 

is [0021] Sense amplifiers SAs are arranged on both 
sides of bit lines BL0 to BL127 alternately. More specif- 
ically, even-numbered bit lines BL0, BL2 BL126 

have their respective sense amplifiers SAs arranged 
closer to local IO lines LlOa and LlOb, and the odd- 
20 numbered bit lines BL1, BL3, .... BL127 have their 
respective sense amplifiers SAs arranged closer to 
local IO lines LIOc and LlOd. This arrangement of 
sense amplifiers is known as an "alternate arrange- 
ment". 

25 [0022] Column select lines CSL0 to CSL31 extending 
in the column direction of the memory cell array and 
transmitting a column select signal from a column 
decoder (not shown) are commonly arranged for the 
* subarray blocks in a column block. Each of column 
30 select lines CSL0 to CSL31 selects four bit lines simul- 
taneously when selected. In Fig. 4, column select line 
CSL0 selects bit lines BL0 to BL3 simultaneously, and 
column select line CSL31 selects bit lines BLs124 and 
125 (not shown) and bit lines BLs126 and 127 simulta- 
neously. Arranged between each sense amplifier and 
an adjacent local IO line is a column select gate TG 
turned on in response to a signal on a column select line 
for connecting the corresponding sense amplifier to the 
adjacently arranged local IO line. In Fig. 4, bit lines BL0 
to BL127 are respectively provided with column select 
gates TG0 toTG127. 

[0023] Also provided are a block select gate BSGa 
turned on in response to a row block select signal 4>BS 
from a block decoder (not shown) to respectively con- 
nect local IO lines LlOa and LlOb to global IO lines 
GlOa and GlOb, and a block select gate BSGb turned 
on in response to block select signal (|>BS to connect 
local IO lines LIOc and LlOd to global IO lines GIOc and 
GlOd to global IO lines GIOc and GlOd. Row block 
select signal <|>BS is commonly applied to the subarray 
blocks included in a row block. One column select line 
selects four bit lines simultaneously for connection via 
local IO lines LlOa to LlOd to global IO lines GlOa to 
GlOd. 

[0024] Memory cell MC includes a capacitor MS for 
storing information, and an access transistor MT turned 
on in response to a signal potential on an associated 
word line to connect capacitor MS to an associated bit 
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line. Access transistor MT is constituted by an n-chan- 
nel MOS transistor. 

[0025] While in Fig. 4, sense amplifiers SA are alter- 
nately arranged in one subarray block to show an 
arrangement of the local IO lines and GIO lines for one 
subarray, sense amplifiers SAs may be arranged in the 
"shared sense amplifier configuration", in which sense 
amplifiers are shared by subarray blocks adjacently 
arranged in the column direction. In this example, a 
local IO line is shared by two subarray blocks (i.e. sub- 
array blocks that are adjacently arranged in the column 
direction). In this "alternate, shared sense amplifier con- 
figuration" also, four bit lines are simultaneously 
selected in a selected subarray and connected to global 
I/O lines. 

[0026] Fig. 5 schematically shows an interconnection 
layer for each signal line in one subarray block. In Fig. 5, 
a word line (WL) 1 1 formed of the first level pdysilicon is 
provided above a surface of a semiconductor substrate 
region 10 on which a memory cell is formed. In order to 
simplify the figure, Fig. 5 does not show the configura- 
tion of a memory cell formed on the surface of semicon- 
ductor substrate region 10. On word line 11 formed in 
the first level polysilicon interconnection layer a bit line 
(BL) 12 formed in the second level polysilicon intercon- 
nection layer and extending in the column direction is 
provided. 

[0027] On bit line 12, a metal interconnection line (AL) 
13 formed in the first level metal (e.g. aluminum) inter- 
connection layer is provided parallel to word line 1 1. 
Metal interconnection line 1 3 is connected in a word line 
shunt region via a contact 1 4 to word line 1 1 . Global IO 
lines 15a, 15b, 15c and 15d, formed in the second level 
for metal (e.g. aluminum) interconnection layer and 
extending in the column direction are arranged on metal 
interconnection line 13 formed in the first level metal 
(e.g. aluminum) interconnection layer at the regions cor- 
responding to word line shunt regions. Column select 
lines (CSLs) 16a to 16b formed in the second level 
metal (e.g. aluminum) interconnection layer also extend 
in the column direction. 

[0028] By configuring bit line 12 and column select 
lines 16a to 16b into a multilayer configuration, column 
select lines 16a to 16b can be arranged without 
adversely affecting the pitch of bit line 12. Furthermore, 
column select lines 16a to 16b provided one for four bit 
lines 1 2 can be arranged with a sufficient margin. 
[0029] Similarly, global IO lines (GIOs) 15a to 15d 
arranged in word line shunt regions can be arranged 
without adversely affecting the arrangement of the 
memory cells in the subarray blocks. Although the local 
IO lines (LlOa to LlOd) are not shown in Fig. 5. they are 
formed in the same interconnection layer as metal inter- 
connection line 13. i.e. the first level metal (e.g. alumi- 
num) interconnection layer. The interconnection 
between column select line 13 and column select gate 
TG (TG0 to TG17) is also made by the first level metal 
(eg. aluminum) interconnection line. 



[0030] If a capacitor of a memory cell is a stacked type 
capacitor and in particular a planar stacked type capac- 
itor or T-shaped stacked capacitor, an electrode of the 
capacitor (i.e. a cell place capacitor) is formed underly- 

s ing a bit line and overlying a word line. If a memory cell 
capacitor is a cylindrical stacked capacitor, the cell plate 
electrode is formed overlying a bit line. 
[0031 ] Although the memory cell array is described as 
having a memory capacity of 2M bits, the memory 

io capacity of the memory cell array may be greater than 
2M bits and may be appropriately determined depend- 
ing on the application. 

[0032] Fig. 6 shows a schematic configuration of a 
memory integrated circuit device according to the first 

is embodiment of the present invention. In Fig. 6, a first 
register 20 and a second register 22 are arranged along 
the opposite sides in the column direction of memory 
cell array 1 the configuration of which is similar to that 
shown in Figs. 1 to 5. Registers 20 and 22 are con- 

20 nected to global IO lines GIO0 to GlOn provided in 
memory cell array 1. When the memory cell array is 
selected, global IO lines GIO to GlOn transmit or 
receive to or from selected memory cells in memory cell 
array 1 . Thus, when memory cell array 1 is selected, the 

25 connection of registers 20 and 22 to global IO lines 
GIO0 to GlOn allows data to be communicated between 
one register and memory cells selected in the memory 
cell array and also allows the data to be transferred to 
the other register. 

30 [0033] While memory cell array 1 is not selected, the 
block select signal <|>BS indicated in Fig. 4 is in an inac- 
tive state and global IO lines GIO0 to GlOn are discon- 
nected from local IO bus LIO (LlOa to LlOd) of memory 
cell array 1. Accordingly, when memory cell array 1 is in 

35 an inactive state, global IO lines GIO0 to GlOn can be 
used to transfer data between registers 20 and 22. Even 
with memory cell array 1 placed in a selected state and 
a word line driven to a selected state, global IO lines 
GIO0 to GlOn do not communicate data with memory 

40 cells selected in memory cell array 1 while the column 
select signal is in an inactive state. Accordingly, global 
IO lines G1O0 to GlOn can similarly be used to transfer 
data between registers 20 and 22. (For DRAMs, a row 
select/drive circuit and a column select/drive circuit are 

45 different control circuits.) 

[0034] Arranging the registers 20 and 22 along oppo- 
site sides of memory cell array 1 as shown in Fig. 6 
eliminates the necessity of arranging another data bus 
for the data transfer between registers 20 and 22 and 

so thus reduces the area occupied by interconnection 
lines. Furthermore, the linear arrangement of global IO 
lines GIO0 to GlOn along the column direction of mem- 
ory cell array implements the minimum distance and 
hence rapid data transfer between registers 20 and 22. 

55 Furthermore, connection of registers 20 and 22 to glo- 
bal IO lines GIO0 to GlOn, allows simultaneous data 
transfer to global IO lines GIO0 to GlOn, and an 
increased number of global IO lines GIO0 to GlOn 
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allows a collective transfer of a large amount of data and 
can thus improve data transfer efficiency. (For an array 
with a memory capacity of 8M bits, the number of global 
IO lines is 32*4=128.) 

[0035] Connecting the registers 20 and 22 with global 5 
IO lines GIO0 to GlOn also allows registers 20 and 22 to 
function as an input/output buffer of the DRAM. Accord- 
ingly, it is not necessary to input and output data via an 
input/output buffer of the DRAM and rapid data transfer 
can thus be achieved. The input/output buffer may be io 
further provided separately. The input/output buffer and 
the global IO bus are coupled with each other via an IO 
selector. 

10036] Fig. 7 schematically shows the configuration of 
a register circuit included in registers 20 and 22. Fig. 7 15 
representatively shows a register circuit 25 provided for 
one global IO line GlOi. In Fig. 7, register circuit 25 
includes: a latch 25a for latching a received information; 
a connection gate 25b turned on in response to a trans- 
fer instruction signal <|>a to connect latch 25a to another 20 
circuit; and a connection gate 25c responsive to a trans- 
fer instruction signal <|>b for electrically connecting latch 
25a to global IO line GlOi. The another circuit men- 
tioned above may be any circuit other than memory 
array 1 and has only to be an external circuit or an inter- 25 
nal circuit (a logic or a processor) provided within the 
same chip. 

[0037] Latch 25a functions to transfer data in bi-direc- 
tion and to store data. More specifically, latch 25a func- 
tions to store data supplied thereto and to transfer the 30 
stored data to another circuit. Latch 25a aJso functions 
to transfer data on global IO line GlOi and to store the 
data supplied on global IO line GlOi. 
[0038] Fig. 8 shows a connection between register cir- 
cuit 25 shown in Fig. 7 and memory cell MC of a mem- 35 
ory cell array. In Fig. 8, latch 25a has a configuration of 
an inverter latch configured of one pair of inverters. 
Register circuit 25 is connected to column select gate 
TG of the memory cell array via an internal IO line (glo- 
bal IO line GIO and local IO line LIO). A control gate of 40 
column select gate TG receives a column select signal 
from column select line CSL. Column select gate TG is 
also connected to bit line BL via sense amplifier SA. 
Memory cell MC is arranged at an intersection of bit line 
BL and word line WL. The driving capability (the latching 45 
capability) of sense amplifier SA is adapted to be larger 
than the latching capability of the inverter latch of latch 
25a. A data transfer operation via the connection shown 
in Fig. 8 will now be described with reference to the tim- 
ing chart shown in Fig. 9. so 
[0039] A data transfer operation from register circuit 
25 to memory cell MC will now be described. Latch 25a 
stores data A. When a DRAM write instruction is 
applied, a transfer instruction signal $b is activated (i.e. 
attains a high level in Fig. 8) to turn on connection gate ss 
25c. The data stored in latch 25a is transmitted on inter- 
nal IO line IO. Then, in response to a write instruction 
signal and an address signal, a column select signal on 



column select line CSL is activated (i.e. attains a high 
level in Fig. 8) to turn on column select gate TG to con- 
nect the internal IO line to bit line BL. Since sense 
amplifier SA is not activated yet. bit line BL selected in 
response to the column select signal is connected to the 
internal IO line and the signal potential on bit line BL 
changes to attain the potential on the internal IO line. A 
non-selected bit line has a corresponding column select 
gate TG kept off and is maintained in a precharged 
state. 

[0040] When the potential on the selected bit line 
attains a definite state, the potential of word line WL 
rises and the information stored in memory cell MC is 
transmitted to the corresponding bit line BL Since the 
potential of the selected bit line has been set at the sig- 
nal potential corresponding to the data transferred from 
register circuit 25 (latch 25a), even reading the informa- 
tion stored in memory cell MC hardly changes the 
potential of the selected bit line (the read voltage is 
extremely small). Meanwhile, the non-selected bit line 
has its potential changed from the precharged potential 
in accordance with the information stored in the mem- 
ory cell. Fig. 9 shows as one example the state in which 
high-level data is read onto the non-selected bit line. 
The potential of the selected bit line is indicated as high 
and low levels, since bit line BL includes paired comple- 
mentary signal lines. When the potential difference of 
the non-selected bit line is sufficiently increased, sense 
' amplifier SA is activated to differentially amplify the 
potential difference caused in each bit line BL. For the 
selected bit line, the potential corresponding to the data 
transferred from register circuit 25 is latched by sense 
amplifier SA. For the non-selected bit line, a potential 
change to high and low levels is caused according to the 
potential read on bit line BL. 

[0041 ] When sense amplifier SA is activated and then 
a predetermined period of time elapses, word line WL 
falls to a low level and the capacitor of memory cell MC 
is disconnected from bit line BL Then sense amplifier 
SA is inactivated and the data (the signal potential) on 
bit line BL is completely written in memory cell MC (for 
the non-selected bit line, a restore operation is com- 
pleted). Also, a signal on column select line CSL is inac- 
tivated and column select gate TG is turned off, and 
transfer instruction signal <|>b attains an inactive low level 
and latch 25a of register 25 is disconnected from the 
internal IO line. 

[0042] In the data transfer operation from the register 
to the memory cell (DRAM), transfer instruction signal 
<f»b may be inactivated while sense amplifier SA is acti- 
vated (this timing is indicated by a broken line in Fig. 9). 
Connecting the latch 25a to a selected bit line BL to 
transfer the transfer data to the selected bit line BL fol- 
lowed by activation of sense amplifier SA ensures that 
data reliably is transmitted from register circuit 25 into 
memory cell MC in DRAM memory cell array 1 even 
when the driving capability of sense amplifier SA is 
larger than the latching capability of latch 25a. 
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[0043] In transferring data from the register to the 
DRAM, as shown in Fig. 9, it is not problematic if word 
line WL is driven to a selected state at an earlier timing 
than activation of column select signal CSL, since non- 
selected bit lines are not connected to internal IO lines 
and only a selected bit line is connected to an internal 
IO line. 

[0044] The data transfer operation from the DRAM 
memory cell array to the register will now be described. 
In transferring data from the DRAM to the register, word 
line WL is initially driven to a selected state and both of 
selected and non-selected bit lines have their potentials 
changed from the precharged potential in accordance 
with the information stored in the corresponding mem- 
ory cells MCs. Fig. 9 shows an exemplary potential 
change when memory cell MC of a selected bit line 
stores high-level data and memory cell MC connected 
to a non-selected bit line stores low-level data. 
[0045] Then, sense amplifier SA is activated and the 
potential difference on bit line BL is sensed, amplified 
and latched. When the bit line potential amplifying and 
latching operations by sense amplifier SA are com- 
pleted, a column select signal on column select line 
CSL is activated and column select gate TG is turned 
on : Thus, a selected bit line BL is connected to an inter- 
nal IO line and the potential of the internal IO line 
changes to the potential level corresponding to the 
potential of the selected bit line BL. Then, when the 
potential on the internal IO line IO is stabilized, transfer 
instruction signal <|>b is activated and the data on the 
internal IO line IO is transferred to latch 25a and latch 
25a latches data B stored by the selected memory cell 
MC. 

[0046] In transferring data from the DRAM memory 
cell array to the register, sense amplifier SA of the 
DRAM is activated at an earlier timing than activation of 
transfer instruction signal <(>b for register circuit 25. 
Sense amplifier SA activated to have a driving capability 
larger than the latching capability of latch 25a ensures 
that the data stored by memory cell MC is reliably 
latched by latch 25a. 

[0047] The data transfer between registers 20 and 22 
shown in Fig. 6 is performed conditioned that the col- 
umn select signals on column select lines CSLs are 
each in an inactive state. The configuration of a control 
for performing the transfer between the registers is 
readily implemented by the configuration in which the 
permission/non-permission for data transfer between 
the registers is determined depending on the decision 
result of whether a column decoder enable signal for 
activating a column decoder of the DRAM is in an active 
or in inactive state. 

Modification of the Register Circuit 

[0048] Fig. 10 shows the configuration of a modifica- 
tion of register circuit 25 included in registers 20 and 22 
shown in Fig. 6. In Fig. 10, register circuit 25 includes: 



latch 25a for latching the data supplied thereto; a tristate 
buffer 25ar activated in response to activation of a read 
transfer instruction signal (jar to amplify the data 
received from another circuit and transfer the amplified 

5 data to latch 25a; a tristate buffer 25aw activated in 
response to activation of a write transfer instruction sig- 
nal <|>aw to transfer the data latched by latch 25a to 
another circuit; a tristate buffer 25cw activated in 
response to activation of a write transfer instruction sig- 

70 nal <>bw to transmit the data latched by latch 25a onto 
global IO line GlOi; and a tristate buffer 25cr activated in 
response to activation of a read transfer instruction sig- 
nal <[>br to amplify the data on global IO line GlOi and 
transfer the amplified data to latch 25a. 

is [0049] Tristate buffers 25ar, 25aw, 25cw and 25cr 
each attain an output high impedance state when they 
are inactivated. The respective driving capabilities of 
tristate buffers 25ar and 25cr are adapted to be larger 
than that of latch 25a. The driving capability of tristate 

20 buffer 25cw is adapted to be larger than the latching 
capability of sense amplifier SA included in the DRAM 
array. A data transfer operation between register circuit 
25 shown in Fig. 10 and a DRAM array will now be 
described with reference to the operation waveform dia- 

25 gram shown in Fig. 11. Fig. 8 is also referred to, since 
the connection route between register circuit 25 and a 
DRAM memory cell is the same as that shown in Fig. 8. 
[0050] A data transfer from the register to a DRAM 
memory cell will now be described. In a DRAM memory 

30 cell array, according to a data write instruction, a word 
line WL is driven to a selected state in response to an 
applied address signal. Then, in response to a rise in 
potential of the selected word line WL, the data in a 
memory cell connected to the word line WL is transmit- 

35 ted on a corresponding bit line. Fig. 1 1 shows an exem- 
plary bit line potential change when a memory cell MC 
connected to a selected bit line (i.e. a bit line which 
receives data transfer) stores high-level data therein 
and a memory cell connected to a non-selected bit line 

40 (i.e. a bit line which does not receive data transfer) 
stores low-level data therein. 

[0051] Then, sense amplifier SA is activated and the 
potential of the bit line is sensed, amplified and latched. 
When the sense operation by sense amplifier SA is 

45 completed and the potential of each bit line is defined, a 
column select signal on column select line CSL is acti- 
vated. Thus a selected bit line is connected to an inter- 
nal IO line and the data on the selected bit line (i.e. the 
data having been latched by a sense amplifier) is trans- 

50 mitted on the internal IO line. Then, write transfer 
instruction signal <|>bw is activated to activate tristate 
buffer 25cw and the data stored at latch 25a is transmit- 
ted to the selected bit line via the internal IO line. 
[0052] Since the driving capability of tristate buffer 

55 25cw is larger than that of sense amplifier SA, the 
potential of the selected bit line changes to that corre- 
sponding to the data stored at latch 25a. When the 
potential of the selected bit line changes depending on 
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the transferred data and is then stabilized, the data is 
completely written in a memory cell and word line WL is 
driven to a non-selected state and then sense amplifier 
SA is put in an inactive state. Also, the column select 
signal on column select line CSL is put in a non- 
selected state and each bit line is disconnected from 
internal IO line IO and is also precharged to a predeter- 
mined potential level. Write transfer instruction signal 
<|>bw is also put in an inactive state and tristate buffer 
25cw is put in an inactive state and attains an output 
high impedance state. The activation period of write 
transfer instruction signal <|>bw needs only to be the 
period in which the potential of a selected bit line 
changes to a potential level corresponding to transmit- 
ted written data and is then stabilized, i.e. the time for 
which the data latched by a sense amplifier changes 
depending on the write data and is then stabilized. 
[0053] A data transfer operation from the DRAM array 
to the register will now be described. In the transfer from 
the DRAM memory cell array to the register also, a 
memory cell select operation in the DRAM array is per- 
formed according to a data transfer instruction. More 
specifically, as is similar to the data transfer operation 
from the register to the DRAM, word line WL is initially 
driven to a selected state and sense amplifier SA is then 
activated. Thus the potential of each bit line is held at 
the potential level corresponding to the data stored in a 
memory cell. When the potential of the bit line is stabi- 
lized, an active column select signal is provided on col- 
umn select line CSL to turn on column select gate TG 
and the potential of a selected bit line (latched by sense 
amplifier SA) is transmitted on internal IO line IO. When 
the potential on internal IO line IO changes to and stabi- 
lizes at the potential level corresponding to the potential 
of the selected bit line, read transfer instruction signal 
4>br is activated (i.e. attains a high level in Fig. 11) to 
activate tristate buffer 25cr, and the signal potential on 
internal data line IO is amplified and transmitted to latch 
25a. Thus the data of a selected memory cell is latched 
by latch 25a. 

[0054] For the configuration shown in Fig. 10. the 
same memory cell select sequence (the timing at which 
each signal is activated) is applied regardless of the 
direction of data transfer between the register and the 
DRAM memory cell array Accordingly, when an instruc- 
tion to access the DRAM array is applied, starting a 
memory cell select operation is only required and it is 
not necessary to vary the timing of activation of each 
signal depending on the mode of operation, resulting in 
easy control. 

[0055] Furthermore, the respective timings at which a 
signal on word line WL, sense amplifier SA and a col- 
umn select signal on column select line CSL are acti- 
vated are the same as those in conventional DRAMs, 
and any complicated changes in design are not t 
required. Furthermore, DRAM sense amplifier SA is 
only required to have a capability to drive internal IO line 
IO depending on the potential on the corresponding bit 



line and is not required to have large driving capability, 
so that the area occupied by sense amplifiers can be 
reduced. 

[0056] Latch 25a is also only required of the capability 
s to simply hold the received data and is not required of 
large latching capability. In the transfer between the reg- 
isters, write transfer instruction signal <|>bw is activated in 
one of registers 20 and 22 and read transfer instruction 
signal <|>br is activated in the other of registers 20 and 
10 22. This allows that data transfer from one register to 
the other register via global IO line GlOi. 

Second Modific ation of the Register Circuit 

is [0057] Fig. 12 shows the configuration of a second 
modification of the register circuit included in registers 
20 and 22 shown in Fig. 6. In Fig. 12, register circuit 25 
includes a write buffer 26w latching the data supplied 
from another circuit and transmitting the latched data on 

20 global IO line GlOi, and a read buffer 26r latching the 
data on global IO line GlOi and transferring the latched 
data to another circuit. Write buffer 26w and read buffer 
26r are provided in parallel between a data bus line to 
another circuit and global IO line GlOi. 

25 [0058] Write buffer 26w includes: an amplifier 26wa 
activated in response to activation of read transfer 
instruction signal <|>ar to amplify the data received from 
another circuit; a latch circuit 26wb latching the data 
* amplified by amplifier 26wa; and a driver 26wc activated 

30 in r esponse to activation of write transfer instruction sig- 
nal <[>bw to transmit the data latched by latch circuit 
26wb on global IO line GlOi. Driver 26wc is larger in 
driving capability than sense amplifiers of the DRAM 
memory cell array and rapidly drives global IO line GlOi 

35 to the potential level corresponding to the data latched 
by latch circuit 26wb. 

[0059] Read buffer 26r includes: an amplifier 26ra acti- 
vated in response to activation of read transfer instruc- 
tion signal <|>br to amplify the data on global IO line GlOi; 

w a latch circuit 26rb latching the data amplified by ampli- 
fier 26ra; and a driver 26rc activated in response to acti- 
vation of write transfer instruction signal 4>bw to transmit 
the data latched by latch circuit 26rb to another circuit. 
Driver 26rc also rapidly drives the data bus line to 

fs another circuit. Drivers 26wc and 26rc are each put in 
an output high impedance state when they are inacti- 
vated. Latch circuits 26wb and 26rb is only required of 
the function of latching the supplied data are each 
formed, for example, of such an inverter latch as shown 

o in Fig. 10. Transfer instruction signals <tar, 4>bw, <|>br and 
<|>aw are the same as those shown in Fig. 10. Accord- 
ingly, the data transfer operation between the register 
circuit and the DRAM shown in Fig. 12 is the same as 
the operation represented in the operation waveform 

s diagram shown in Fig. 1 1 . 

[0060] The provision of read and write buffers 26r and 
26w, as shown in Fig. 12, allows latching the data 
received from another circuit in parallel with latching the 
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data on global IO line GlOi, resulting in improved data 
transfer efficiency. 

[0061] As described above, in the first embodiment of 
the present invention, each global IO line GlOi as an 
internal data line of a DRAM memory cell array is pro- s 
vided with a register circuit for data transfer, the data 
transfer between registers can be performed via an 
internal data bus (the global IO line) of the DRAM to 
reduce the area occupied by interconnection lines. Fur- 
thermore, owing to the provision of registers along two 10 
opposite sides in the direction in which the global IO line 
of the DRAM array extends inter-register distance can 
be made, minimum leading to rapid data transfer. 

Second Embodiment is 

[0062] Fig. 13 schematically shows the configuration 
of a main portion of a memory integrated circuit device 
according to a second embodiment of the present 
invention. In addition to registers 20 and 22 connected 20 
to global IO lines GIO0 to GlOn, registers 30 and 32 are 
also arranged along the opposite sides in the row direc- 
tion of memory cell array 1 in the integrated circuit 
device shown in Fig. 13. Registers 30 and 32 are the 
same in configuration as registers 20 and 22, and may 25 
have any configuration of the register circuits described 
in the first embodiment. Registers 30 and 32 are inter- 
connected via subglobal IO lines SGIO0 to SGIOn 
arranged extending over memory cell array 1 in the row 
direction. Registers 30 and 32 each include a register 30 
circuit arranged for each of subglobal IO lines SGIO0 to 
SGIOn. Subglobal IO lines SGIO0 to SGIOn are respec- 
tively connected to global IO lines GIO0 to GlOn. 
[0063] Fig. 1 4 schematically shows an interconnection 
between registers in the register arrangement shown in 35 
Fig. 13. In Fig. 14, registers 20 and 22 are intercon- 
nected via a global IO data bus GIO including global IO 
lines GIO0 to GlOn. Registers 30 and 32 are intercon- 
nected via a subglobal IO data bus SGIO including sub- 
global IO lines SGIO0 to SGIOn. ao 
[0064] Global IO data bus GIO and subglobal IO data 
bus SGIO are interconnected via contacts CTH. Regis- 
ters 20 and 30 are connected to a device external to the 
memory integrated circuit device via an external data 
bus. Registers 22 and 32 are connected to an internal 45 
circuit (a logic, or a processor) via an internal data bus. 
[0065] Registers 20, 22, 30 and 32 have any configu- 
ration described in the first embodiment In Fig. 14, a 
driver, amplifier or gate is illustratively shown as a 
switching element. so 
[0066] Register 20 includes: a latch 20a; a switching 
element 20b activated in response to a transfer instruc- 
tion signal 4>EK1 to transfer data between the external 
data bus and latch 20a; and a switching element 20c 
activated in response to a transfer instruction signal 55 
<[>GK1 to transfer data between latch 20a and global IO 
data bus GIO. Register 22 includes: a latch 22a; a 
switching element 22b activated in response to a trans- 
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fer instruction signal 4>IK2 to transfer data between the 
internal data bus and latch 22a; and a switching ele- 
ment 22c activated in response to activation of a trans- 
fer instruction signal <t>GK2 to transfer data between 
latch 22a and global IO data bus GIO. 
[0067] Register 30 includes: a latch 30a; a switching 
element 30b activated in response to activation of a 
transfer instruction signal $EK3 to transfer data between 
latch 30a and the external data bus; and a switching ele- 
ment 30c activated in response to activation of a trans- 
fer instruction signal 4>GK3 to transfer data between 
latch 30a and subglobal IO data line SGIO. 
[0068] Register 32 includes: a latch 32a; a switching 
element 32b activated in response to activation of a 
transfer instruction signal 4>IK4 to transfer data between 
the internal data bus and latch 32a; and a switching ele- 
ment 32c activated in response to activation of a trans- 
fer instruction signal 4>GK4 to transfer data between 
latch 32a and subglobal IO data bus SGIO. The data 
transfer from register 20 to registers 22, 30 and 32, and 
the operation of writing data into a DRAM memory cell 
will now be described with reference to the timing chart 
shown in Fig. 15. 

[0069] When data (A) is supplied on the external data 
bus and a signal instructing that data (A) is to be taken 
in is applied, transfer instruction signal <t>EK1 attains an 
active high level at time t1 and latch 20a latches data (A) 
on the external data bus. When an instruction of transfer 
between registers or an instruction of writing in the 
DRAM is then supplied, transfer instruction signal <J>GK1 
attains an active high level at time t2 and switching ele- 
ment 20c drives global IO data bus GIO and subglobal 
SGIO to transmit data (A) on data buses GIO and SGIO. 
When a command to transfer data between registers is 
applied, transfer instruction signals 4>GK2 and <J>GK4 are 
each attain an active high level at time t3 to cause data 
(A) to be transferred to and latched by latches 22a and 
32a conditioned that the DRAM array is not accessed. 
When a command is then supplied that the data be writ- 
ten into the DRAM, a word line is driven to a selected 
state and a column select signal on column select line 
CSL is also driven into a selected state at time t4 and 
data (A) is written in an addressed memory cell. At time 
t5, at which the data is written in the DRAM memory 
cell, transfer instruction signal 4>GK1 is put in an inactive 
state. The latching of the write data by a sense amplifier 
in the DRAM memory cell array ensures that the data is 
reliably written in the DRAM even if transfer instruction 
signal <[>GK1 is driven to an inactive state with a word 
line and column select line CSL in a selected state. 
[0070] In reading data and transferring data between 
registers, a sequence similar to that in the first embodi- 
ment is employed, and read the data of a selected mem- 
ory cell is read onto data buses GIO and SGIO and then 
a switching element of the register is activated to which 
the data is transferred. 

[0071 ] The arrangement of a plurality of registers (four 
registers in Fig. 3) along the periphery of a DRAM array 
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allows the operation of writing data from the external 
data bus into register 20 to be performed in parallel with 
the operation of writing data from register 30 into the 
DRAM. Registers 20 and 30 can be alternately used to 
efficiently write external data into the DRAM, for exam- 
ple. Registers 22 and 32 can also be alternately used to 
allow rapid data transfer between a logic such as a proc- 
essor connected to the internal data bus and the DRAM. 
[0072] As an alternative to the arrangement that reg- 
isters 20 and 30 commonly coupled with the external 
data bus and registers 22 and 32 commonly coupled 
with the internal data bus as shown in Fig. 14 if register 
20 is coupled only with the external data bus while reg- 
isters 20, 30 and 32 are connected to the respective 
individual internal data buses, each internal logic can be 
arranged adjacent to each register to efficiently transfer 
required data between a logic (e.g. a processor) and a 
register. 

[0073] As has been described above, in the second 
embodiment of the present invention, registers are pro- 
vided respectively arranged along the four sides of a 
DRAM array and an internal circuit is arranged for each 
register, allowing rapid data transfer between the inter- 
nal circuits and the DRAM array. Furthermore, exter- 
nally applied data can be written into the DRAM 
memory cell array and also transferred via an internal 
data bus to an internal circuit (a logic such as a proces- 
sor). Thus it is not necessary to first write the externally 
applied data into the DRAM and then again access the 
DRAM to transfer the written data to the internal circuit, 
resulting in efficient data transfer. 
[0074] The generation of the transfer instruction sig- 
nals shown in Figs. 14 and 15 will be described later. 

Third Embodiment 

[0075] Fig. 1 6 schematically shows an arrangement of 
subglobal IO lines, global IO lines and local IO lines. In 
Fig. 16, a memory cell array is exemplarily divided into 
eight row blocks RB#0 to RB#7 and eight column blocks 
CB#0 to CB#7. Each subarray block (not shown) is pro- 
vided with four local IO lines LlOa to LlOd. As is similar 
to the first embodiment, global IO lines GIO0 to GI031 
are arranged in word line shunt regions, four global IO 
lines for each column block. 

[0076] Subglobal IO lines SGIO0 to SGI031 are 
formed parallel to local IO lines LlOa to LlOd in the 
same interconnection layer. Thus, subglobal IO lines 
SGIO0 to SGI031 are dispersed such that four subglo- 
bal IO lines are arranged for one row block. Subglobal 
IO lines SGIO0 to SGI031 are electrically connected to 
global IO lines GIO0 to GI031 via contacts CH0 to 
CH31, respectively. 

[0077] Fig. 1 7 schematically shows a relation between 
the interconnection layers for the IO lines in the bus 
arrangement shown in Fig. 16. In Fig. 17, local IO inter- 
connection lines 41a, 41b, 41c and 41d formed in e.g. a 
first level metal (e.g. aluminum) interconnection layer 



are formed above a semiconductor substrate 40. Global 
IO bus interconnection lines 42a and 42b similarly 
formed in the first level metal (e.g. aluminum) intercon- 
nection layer are arranged between local IO lines 41b 

5 and 41c, and subglobal IO interconnection lines 42c 
and 42d formed in the first level metal (e.g. aluminum) 
interconnection layer are arranged adjacent to local IO 
interconnection line 41d. A global IO interconnection 
line (GIO) 43 is formed above interconnection lines 41 a 

io to 4ld and 42a to 42d in e.g. a second level metal (e.g. 
aluminum) interconnection layer and is connected to 
subglobal IO interconnection line 42a via a contact 
material CH formed of metal such as aluminum. Subglo- 
bal IO lines 42b, 42c and 42d are connected in a region 

is (not shown) to respective global IO interconnection 
lines via a similar contact material CH. The aluminum 
interconnection line may be substituted with another 
metal interconnection line. 

[0078] By arranging local IO lines LlOa to LlOd and 
20 subglobal IO lines SGIO0 to SGI031 in the same inter- 
connection layer as shown in Fig. 17, the necessity of 
additional interconnection layer for the subglobal IO 
lines can be eliminated and the increase of process cost 
due to addition of interconnection layers can be sup- 
25 pressed. 

Modification 

[0079] Fig. 18 shows a modification of subglobal IO 
30 line arrangement. In Fig. 18, global IO lines GIO0 to 
GlOOn are arranged in word line shunt regions to mem- 
ory cell array 1. Subglobal IO lines SGIO0 to SGIOn 
formed in an interconnection layer that is not used in 
memory cell array 1 are arranged dispersedly over 
35 memory cell array 1. Subglobal IO lines SGIO0 to 
SGIOn are connected to global IO lines GIO0 to GlOn 
via contact materials CH0 to CHn, respectively. Subglo- 
bal IO lines SGIO0 to SGIOn formed in an interconnec- 
tion layer different from the interconnection layers used 
40 in memory cell array 1 can be arranged over memory 
cell array 1 at appropriate spaces in a dispersed man- 
ner. 

[0080] Fig. 19 schematically shows a relation between 
the interconnection layers in the subglobal IO line 

45 arrangement shown in Fig. 18. In Fig. 19, a first level 
polysilicon interconnection line 51 as word line WL is 
provided above a semiconductor substrate 50. A sec- 
ond level polysilicon interconnection line 52 as bit line 
BL is arranged above the first level polysilicon intercon- 

50 nection line 51 . A first level metal (e.g. aluminum) inter- 
connection line (AL) 53 for reducing the resistance of 
word line WL is provided above the second level polysil- 
icon interconnection line 52. The first level metal (e.g. 
aluminum) interconnection lines 54a to 54d as local IO 

55 line LIO are arranged in the first level metal (e.g. alumi- 
num) interconnection layer at predetermined spaces. 
The second level metal (e.g. aluminum) interconnection 
line 55 as global IO line GO is provided above the first 
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level metal (e.g aluminum) interconnection lines 53 and 
54a to 54d. 

[0081] Third level metal (e.g. aluminum) interconnec- 
tion lines 56a. 56b and 56c as subglobal IO lines SGIO 
are provided above the second level metal (e.g. alumi- 
num) interconnection line 55 at a predetermined spac- 
ing. The third level metal interconnection line 56a is 
connected to the second level metal interconnection line 
55 via contact material CH. 

[0082] Since the interconnection lines for subglobal IO 
lines SGIO0 to SGIOn are formed in the third level metal 
interconnection layer, as shown in Fig. 19, subglobal IO 
lines SGIO0 to SGIOn can be arranged without affect- 
ing the layout in memory cell array 1 . Furthermore, it is 
not necessary to arrange subglobal IO lines between 
interconnection lines 54a to 54d for local IO lines, so 
that the layout area for the local IO lines can be 
reduced. 

[0083] It should be noted that the relation between the 
interconnection layers shown in Fig. 19 does not repre- 
sent the precise cross-sectional structure thereof, since 
global IO line GlOi is provided in a word line shunt 
region, in which region bit line BL is not provided and 
the first level metal interconnection line 53 and the first 
level polysilicon interconnection line 51 are connected 
together. 

[0084] It should be noted that the interconnection layer 
for subglobal IO lines need not be the third levet metal 
interconnection layer. It may be any interconnection 
layer that is not used in memory cell array 1 , and may be 
formed underlying the second level metal (e.g. alumi- 
num) interconnection line 55 of the global IO line. 
[0085] As has been described above, in the third 
embodiment of the present invention, registers are 
arranged opposite to each other in the row direction of 
memory cell array 1 and are interconnected via subglo- 
bal IO lines parallel to local IO lines. The registers can 
be interconnected at the minimum distance to imple- 
ment rapid data transfer between the registers. Further- 
more, formation of the subglobal IO line and the local IO 
line in the same interconnection layer can eliminate the 
necessity for an additional interconnection layer to 
reduce an increase in the process cost otherwise asso- 
ciated with addition of the interconnection layer. Fur- 
thermore, formation of the subglobal IO line in an 
interconnection layer which in turn is not used in mem- 
ory cell array 1 allows the subglobal IO line to be pro- 
vided without affecting the layout of memory cell array 1 
and thus allows interconnection lines to be readily laid 
out. It is also not necessary to provide subglobal IO 
lines between local IO lines, resulting in reduction of the 
layout area for the local I O lines. 

Fourth Embodiment 

[0086] Fig. 20 schematically shows the entire config- 
uration of a memory integrated circuit device according 
to a fourth embodiment of the present invention. In Fig. 



20 

20, registers 20 and 22 are arranged opposite to each 
other on both sides with respect to the column direction 
of DRAM memory cell array 1 . Registers 20 and 22 are 
connected to global IO lines GIO to GlOn of internal 
5 data bus lines in DRAM memory cell array 1. The con- 
figuration of registers 20 and 22 and the configuration of 
memory cell array 1 are the same as those described in 
the first embodiment. 

[0087] The memory integrated circuit device also 

io includes an external interface 60 for providing interface 
between register 20 and an external. External interface 
60 receives an externally applied external control signal 
and an externally applied external address signal in 
synchronization with an external clock signal ExCLK 

15 and produces a buffered external control signal and an 
buffered external address signal. External interface 60 
also reads and writes external data in synchronization 
with external clock signal ExCLK. External interface 60 
only transmits and receives data to and from register 20 

20 and does not transfer the external control signal or the 
external address signal to register 20. 
[0088] The memory integrated circuit device also 
includes an external controller 52 for decoding an exter- 
nal control signal from external interface 60 to produce 

25 transfer control signals <|>ae and <|>be which in turn con- 
trols the data transfer operation of register 20. When 
external controller 62 decodes an external control signal 
and the result of decoding indicates an access to DRAM 
array 1 , external controller 62 produces a control signal 

30 indicating a designated operation for DRAM 1 and 
applies the produced control signal to a DRAM control 
64. The configuration of DRAM control 64 will be 
described in detail later. 

[0089] The memory integrated circuit device also 

35 includes an internal circuit (logic) 66 which has data 
processing function and the function of generating the 
access instruction to and address signals for the DRAM. 
Internal circuit (logic) 66 includes, for example, a proc- 
essor. Internal circuit 66 operates in synchronization 

40 with an internal clock signal InCLK received from a mul- 
tiplication circuit 68 which in turn performs a frequency- 
multiplication of external clock signal ExCLK. External 
controller 62 operates in synchronization with external 
clock signal ExCLK. Clock signals ExCLK and InCLK 

45 are synchronized with each other. 

[0090] Provided between register 22 and internal cir- 
cuit 66 is an internal interface 70 which in turn is similar 
in configuration to external interface 60. Internal inter- 
face 70 takes in an address signal and a control signal 

so received from internal circuit 66 synchronously with 
internal clock signal InCLK, and also transmits and 
receives data to and from internal circuit 66 in synchro- 
nization with internal clock signal InCLK. Internal inter- 
face 70 applies the received address signal and control 

55 signal to an internal controller 72. 

[0091 ] Internal controller 72 produces transfer control 
signals 4>ai and 4>bi for controlling the data transfer oper- 
ation of register 22 in accordance with the internal con- 
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trol signal decoded by internal controller 72 in 
synchronization with internal clock signal InCLK from 
multiplication circuit 68. 

[0092] Internal controller 72 also applies a control sig- 
nal instructing a designated operation mode to DRAM s 
control 64 when an internal control signal decoded by 
internal controller 72 instructs an access to DRAM array 

[0093] DRAM control 64 provides access arbitration 
as required according to the access instruction signals w 
from external and internal controllers 62 and 72 and 
drives a DRAM driver 74 according to the designated 
operation mode. DRAM driver 74 includes: a row 
decoder for selecting a word line of DRAM array 1 and a 
column decoder driving a column select line; a sense is 
amplifier activating circuit for activating a sense ampli- 
fier; a bit line precharger/equalizer circuit precharging a 
bit line to a predetermined potential; and array periph- 
ery circuitry generating the control signals to said cir- 
cuits. A column decode enable signal CDE which 20 
activates the column decoder included in DRAM driver 
74 is also applied from DRAM control 64 to external and 
internal controllers 62 and 72. When external and inter- 
nal controllers 62 and 72 receive an activated column 
decode enable signal CDE, data transfer is prohibited 25 
between the registers via global IO lines GIO0 to GlOn. 
[0094] Also a state-of-transfer indication RT indicative 
of the state of data transfer is transmitted and received 
between external and internal controllers 62 and 72. 
Indication (a flag or bit) of the state of data transfer RT 30 
is employed to determine in data transfer between the 
registers whether a data-source register drives global 
IO lines GIO0 to GlOn in accordance with the transfer 
data and to set a destination register to a data write 
state after global IO lines GIO0 to GlOn are driven. The 35 
transmission and reception of the state-of-data transfer 
indication RT between external and internal controllers 
62 and 72 ensures the reliable data transfer between 
the registers. 

[0095] In Fig. 20, internal controller 72 is also shown 40 
providing a load/store signal and a load/store transfer 
signal to the external. The load/store signal directs the 
loading/storing of data between the DRAM array and an 
external device. The load/store transfer signal indicates 
the loading/storing of data between the internal circuit 45 
and the external device. In response to the load/store 
signal or the load/store transfer signal, a controller 
externally provided sets external control signals to 
respective predetermined states. The load/store signal 
and the load/store transfer signal are generated to inter- so 
nal circuit 66, such as a processor, performing a 
processing according to a program. The load/store 
transfer signal and the load/store signal are not particu- 
larly required for repetitively performing a data process- 
ing normally in a predetermined order as done in image ss 
data processing. The external controller controls the 
operation of loading/storing data in the DRAM array at a 
predetermined timing. 



[0096] Since external controller 62 operating in 
response to external control signals and internal con- 
troller 72 operating in response to internal control signal 
are provided for registers 20 and 22, conflict of the con- 
trols according to the external and internal control sig- 
nals can be avoided for each of registers 20 and 22 to 
accurately transfer data and write/read data to/from the 
DRAM array. The data transfer operation between the 
registers of the memory integrated circuit device shown 
in Fig. 20, and the data write operation to the DRAM 
array will now be described with reference to the timing 
chart shown in Fig. 21. 

[0097] The data write operation to the DRAM memory 
cell array will now be described. 
[0098] Write data (WD) has already been stored in 
register 20. An external control signal is set in a DRAM 
write instruction state instructing writing data to the 
DRAM memory cell array. In clock cycle #1, external 
interlace 60 takes in and applies the external control 
signal to external controller 62 in synchronization with a 
low to high transition of external clock signal ExCLK. A 
DRAM address of the DRAM memory cell array that 
designates an address to which the data is written is 
also provided and is similarly taken in by external inter- 
face 60 synchronously with the low to high transition of 
external clock signal ExCLK in clock cycle #1 and 
applied to DRAM driver 74. 

[0099] External controller 62 responds to the external 
control signal instructing DRAM write, to provide to 
DRAM control 64 a signal instructing writing the data. 
Simultaneously, external controller 62 activates transfer 
instruction signal $>be to transfer the write data from reg- 
ister 20 on global IO lines GIO0 to GlOn. In response to 
the activated transfer instruction signal <|>be, register 20 
transmits the stored written data (WD) on global IO line 
GIO. 

[01 00] DRAM driver 74 is controlled by DRAM control 
64, to drive to a selected state a column select line CSL 
corresponding to an addressed column. Then, accord- 
ing to a row address included in the DRAM address, a 
word line corresponding to an addressed row is driven 
to a selected state. Thus the write data (WD) from glo- 
bal IO line GIO is transferred to and written in a selected 
memory cell. When a clock cycle period required for 
writing the data (two clock cycles in Fig. 21) elapses, 
transfer instruction signal $>e is inactivated and global 
IO line GIO returns to a high impedance state (or a state 
precharged at a predetermined potential level). Column 
select line CSL and the word line are also each driven to 
a non-selected state. 

[01 01 ] It should be noted that in the data write opera- 
tion represented in Fig. 21, a DRAM address has a row 
address and a column address applied simultaneously 
and represented as a non-multiplexed address, and a 
column select signal CSL can be activated at an earlier 
timing than a word line. In the row and column select 
sequence, a word line may be driven to an active state 
at an earlier timing than a column select line CSL, as in 
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standard DRAMs. A DRAM address may be applied 
with the row and column addresses multiplexed. In this 
example, as the external control signal, an active com- 
mand which places the DRAM in an active state and a 
write/read command instruction writing/reading data are 5 
applied separately. When an active command is 
applied, a row address signal is taken in and a row 
select operation is performed in the DRAM memory cell 
array. When a read/write command is applied, a column 
address is taken in to perform a column select operation 70 
and write or read data, as is similar to the operation 
sequence of conventional clock synchronous DRAMs. 
[0102] Since the data stored in register 20 are collec- 
tively written into selected memory cells via global IO 
lines GIO0 to GlOn, a large amount of data can be col- is 
lectively written even with the external data bus having 
a narrow bit width (i.e. even for external data having a 
small number of bits), to rapidly write the data. The 
external data is written into the register circuits of regis- 
ter 20 successively. 20 
[0103] The data transfer operation between registers 
will now be described. In the data transfer between reg- 
isters also, the operation sequence when data transfer 
between registers is instructed with data to be trans- 
ferred (TD) stored in register 20 is presented. An exter- 25 
nal control signal is set in a GIO transfer instructing 
state instructing data transfer between registers. In 
clock cycle #4, external interface 60 takes in and applies 
the external control signal to external controller 62 in 
synchronization with a low to high transition of external 30 
clock signal ExCLK. According to the GIO transfer 
instruction based on the external control signal, external 
controller 62 activates transfer instruction signal 4>be for 
register 20 when column decode enable signal CDE 
from DRAM control 64 is in an inactive state. Thus, the 35 
data to be transferred (TD) from register 20 is trans- 
ferred on global IO lines G!O0 to GlOn. After external 
controller 62 transmits the activated transfer instruction 
signal 4>be to register 20, external controller 62 applies 
to internal controller 72 at a predetermined timing a sig- 40 
nal RT indicating that data transfer between registers 
have been prepared. 

[0104] Internal controller 72 is notified that data is to 
be transferred between registers and to be loaded into 
internal circuit 66 in response to an internal control sig- 45 
nal from internal circuit 66 (i.e. a load/store transfer 
instructing signal has been output). Internal controller 
72 activates transfer instruction signal 4>bi for register 22 
for a predetermined period, according to the GIO data 
reception indication of the internal control signal and to so 
indication RT from external controller 62 that the prepa- 
ration for data transfer is completed. In response to the 
activated transfer instruction signal <j>bi, register 22 
takes in and latches the transfer data (TD) transmitted 
on global IO lines GIO0 to GlOn. Then, according to a ss 
load request from internal circuit 66, transfer instruction 
signal <|>ai is activated under the control of internal con- 
troller 72, and the transfer data (TD) stored in register 



22 is transferred to internal circuit 66 via internal data 
bus 71 and internal interface 70. 
[01 05] Data transfer from register 22 to register 20 can 
be performed similarly. In this case, internal controller 
72 activates the load/store transfer instructing signal to 
notify the external controller that data is to be trans- 
ferred. Responsively. an externally provided controller 
generates a transfer instruction signal required for stor- 
ing the data transferred from register 22 into register 20 
and applies the transfer instruction signal to external 
interface 60. According to the transfer instruction of the 
external control signal, external controller 62 activates 
connection instruction signal <frbe to control the connec- 
tion of register 22 to global IO lines GIO0 to GlOn. In 
this case also, external controller 62 controls register 
20, according to indication RTfrom internal controller 72 
of completion of preparation for data transfer indicating 
that the preparation for data transfer is completed. 
[0106] Fig. 22 schematically shows an entire configu- 
ration of external controller 62 shown in Fig. 20. In Fig. 
22, external controller 62 includes: a command decoder 
62a for decoding an external control signal provided 
from external interface 60 in response to external clock 
signal ExCLK to generate a signal designating an oper- 
ation mode specified according the result of decoding; 
and a register control circuit 62b responsive to an oper- 
ation mode designating signal from command decoder 
62a for producing a connection control signal (a transfer 
instruction signal) for register 20. Fig. 22 only shows 
control signals for controlling the connection between 
register 20 and global IO lines GIO0 to GlOn and oper- 
ation mode designation signals. 
[01 07] Command decoder 62a responds to external 
clock signal ExCLK to determine an operation mode 
specified according to a combination of the states of a 
plurality of external control signals. Since an operation 
mode is designated by a combination of the states of a 
plurality of external control signals, it is not necessary to 
prepare an external control signal for each operation 
mode and the number of external control signals can 
thus be reduced. 

A store transfer instructing signal 4>RTS is activated 
when data transfer from register 20 to register 22 is des- 
ignated. A load transfer instructing signal <|>RTL is acti- 
vated when data transfer from register 22 to register 20 
is designated. A DRAM read instructing signal 4>DR is 
activated when reading the data from a memory cell of 
the DRAM array is designated. A DRAM write instruct- 
ing signal 4>DW is activated when writing data into 
DRAM memory cell array 1 is designated. 
[01 08] Register control circuit 62b activates transfer 
instruction signals Qber and <|>bew in response to con- 
trols signals 4>RTS, <f»RTL, 4>TR and <|>DW and to column 
decode enable signal CDE from DRAM control 64 
shown in Fig. 20 and signal RTS from internal controller 
72 indicating that the preparation for transfer is com- 
pleted. Register 20 is assumed to have the configura- 
tion shown in Fig. 10 or 12 and register 20 has data 
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written via a path and read via another path. Transfer 
instruction signal 4>ber activates the data transfer from 
global IO lines GIO0 to GlOn to register 20. Signal cfrbew 
activates the data transfer from register 20 to global IO 
lines GIO0 to GlOn. Register control circuit 62b also 5 
responds to activation of transfer instruction signal (frbew 
to apply to internal controller 72 a signal RTL indicating 
that the preparation for transfer is completed. 
[01 09] Fig. 23 schematically shows an exemplary con- 
figuration of a transfer instructing signal <t»bew generat- io 
ing portion of register control circuit 62b. In Fig. 23, the 
write transfer instructing signal <|>bew generating portion 
includes: a gate circuit 62wa receiving store transfer 
mode instruction signal <|>RTS and column decode ena- 
ble signal CDE; a counter 62wb initiated in response to 15 
activation of an output signal of gate circuit 62wa to 
count external clock signal ExCLK to output an acti- 
vated signal for a predetermined clock cycle period; a 
counter 62wc initiated in response to activation of 
DRAM write mode instruction signal 4>DW to count 20 
external clock signal ExCLK to output an activated sig- 
nal for a predetermined period; a gate circuit 62wd 
receiving output signals from counters 62wb and 62wc; 
and a delay circuit 62we for delaying the output signal of 
counter 62wb for a predetermined time. 25 
[01 1 0] Counter 62wc is initiated in writing data to the 
DRAM array and outputs an activated signal for the 
period required for writing the data into the DRAM. 
Counter 62wb outputs an activated signal for the period 
required for the operation of transferring data from reg- 30 
ister 20 to register 22. 

[01 1 1] Gate circuit 62wa outputs an activated signal 
when store transfer mode instructing signal <[>RTS is in 
an active state and column decode enable signal CDE 
is in an inactive state. Gate circuit 62wd puts write trans- 35 
fer instruction signal 4>bew in an active state while the 
output signal of one of counters 62wb and 62wc is in an 
active state. Signal RTS from delay circuit 62we that 
indicates that the preparation for data transfer is com- 
pleted is put in an active state after write transfer 40 
instructing signal 4>bew is put in an active state. Delay 
circuit 62ew may be a circuit which delays only activa- 
tion of the output signal from counter 62wb by a prede- 
termined period, or a delay one-shot pulse generating 
circuit responsive to activation of the output signal from 
counter 62wb for generating a one-shot pulse signal 
having a predetermined time width when a predeter- 
mined time elapses. 

[0112] In the configuration shown in Fig. 23, when the 
data transfer from register 20 to register 22 is desig- 
nated, counter 62wd is activated under the condition 
that column decode enable signal CDE is in an inactive 
state, and write transfer instructing signal (|»bew from 
gate circuit 62wd is activated for a predetermined 
period. Thus, the write data stored in register 20 is 
transferred on global IO lines GIO0 to GlOn. In writing 
data to the DRAM memory cell array, DRAM write mode 
instructing signal 4>dw is activated and the output signal 



of counter 62wc is activated. Also, write transfer 
instructing signal <|>bew is activated conforming to the 
timing at which the data is written into the DRAM. 
[0113] Delay circuit 62we activates its output signal 
RTS alter a store transfer instruction is received and the 
transfer data from register 20 is transmitted on global IO 
lines GIO0 to GlOn. Register 22 can accurately incorpo- 
rates the transfer data on global IO lines GIO0 to GlOn. 
[01 1 4] Fig. 24 shows an exemplary configuration of a 
read transfer instructing signal (|>ber generating portion 
of register control circuit 62b shown in Fig. 22. In Fig. 
24, the read transfer instructing signal generating por- 
tion includes: a gate circuit 62ra which receives signal 
RTL indicating that the preparation for transfer is com- 
pleted and the load transfer mode instructing signal 
<|>RTL; a counter 62rb initiated in response to activation 
of an output signal of gate circuit 62ra to count external 
clock signal ExCLK to output an activated signal for a 
predetermined period; a counter 62rc initiated in 
response to activation of DRAM read mode instructing 
signal (|>DR to count external clock signal ExCLK to out- 
put an activated signal for a predetermined period; and 
a gate circuit 62rd receiving output signals of counters 
62rb and 62rc. 

[01 1 5] Gate circuit 62rd outputs read transfer instruct- 
ing signal 4>ber. Column decode enable signal CDE is 
not applied to the read transfer instructing signal gener- 
ating portion, since signal RTL indicating that the prep- 
aration for data transfer is completed is activated under 
the condition that column decode enable signal CDE is 
inactive. 

[0116] For the configuration shown in Fig. 24, when 
transfer data is prepared in register 22 and a load trans- 
fer instructing signal (command) is applied from the 
external, the output signal of gate circuit 62ra is acti- 
vated. In response to the activation of the output signal 
of gate circuit 62ra, counter 62rb is initiated to count 
external clock signal ExCLK and activates its output sig- 
nal for a period required for reading the transferred data. 
[0117] in reading data from the DRAM memory cell 
array, DRAM read mode instructing signal <|>DR is acti- 
vated. Counter 62rc activates its output signal for a 
period required for reading data from the DRAM mem- 
ory cell array. Gate circuit 62rd activates read transfer 
instructing signal $toer for a period required for each of 
operation modes of transferring data between registers 
and of reading data from a DRAM memory cell. 
[01 1 8] It should be noted that for the configuration of 
the register control circuit shown in Figs. 23 and 24, 
so counters which count external clock signal ExCLK are 
used to determine the respective periods for which 
transfer instruction signals <|>bew and <|>ber are activated. 
However, the timings of activation of the control signals 
may be determined according to an external control sig- 
55 nal. In particular, if DRAM write mode instructing signal 
Ww and DRAM read mode instructing signal 4>DR are 
adapted to be inactivated according to an externally 
applied precharge command which shifts the DRAM to 
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a precharged state, the counters responsive to signals 
4>DW and 4>DR are not particularly required and the tim- 
ing for shifting to an active state has only be set depend- 
ing on each operation mode. 

[0119] Furthermore, internal controller 72 is similar in 
configuration to external controller 62 shown in Figs. 22 
to 24 and receives an internal control signal in place of 
an external control signal. Internal controller 72 also 
receives signal RTS indicating that the preparation of 
data transfer is completed, and outputs signal RTL 
indicative of completion of the preparation. Thus, the 
configuration is identical to that shown in Figs. 22 to 24 
and the configuration of internal controller 72 is not 
shown. 

[0120] Fig. 25 schematically shows the configurations 
of DRAM control 64 and DRAM driver 74 shown in Fig. 
20. In Fig. 25, DRAM control 64 includes: a gate circuit 
64a which receives a DRAM read mode instructing sig- 
nal <|>rDRe and a DRAM write mode instructing signal 
4>DWe applied from the external controller and a DRAM 
read mode instructing signal 4>DRi and a DRAM write 
mode instructing signal 4>DWi applied from internal con- 
troller 72; and an array activation control circuit respon- 
sive 64b responsive to activation of a signal of gate 
circuit 64a to successively activate control signals 
required for activating the DRAM memory cell array. 
[0121] In Fig. 25, row decode enable signal RDE 
instructing initiation of a row select operation in the 
DRAM array and column decode enable signal CDE 
instructing initiation of a column select operation in the 
DRAM array are representatively shown being output 
from array activation control circuit 64b. Data input/out- 
put to/from DRAM memory cell arret/ 1 is performed via 
registers 20 and 22 rather than an input/output buffer as 
in standard DR AMs. In the present embodiment, data is 
read or written from or to the DRAM array in the same 
internal row and column select operation sequences 
and the control signals from array activation control cir- 
cuit 64b are generated according to the respective pre- 
determined sequences for the row and column 
selection. Gate circuit 64a drives its output signal to an 
active state when any of mode instruction signals <j>DRe t 
<t>DWe, 4>DRi and 4>DWi is activated. 
[0122] If the row and column select sequences differ 
between data reading and data writing, array activation 
control circuit 64b has only to receive the output signals 
from separate gates, one gate receiving write mode 
instructing signals <J>CDWe and 4>DWi and another gate 
receiving read mode instructing signals 4>DRe and <J>DRi. 
[0123] If a DRAM is accessed by applying time-divi- 
sion multiplexed row and column addresses and also 
applying an active command in applying the row 
address and a read/write command in applying the col- 
umn address, the row select operation is performed 
according to an output signal of the gate receiving the 
active command and the column select operation is per- 
formed according to an output of the gate circuit receiv- 
ing the read/write command. An appropriate 



configuration may be employed depending on the 
sequence in which commands are applied to the mem- 
ory integrated circuit device. Fig. 25 shows a represent- 
ative configuration. 

5 [0124] DRAM control 64 also includes: a gate circuit 
64c receiving mode instruction signals <[>DRe and <|>DWe 
from the external controller; a gate circuit 64d receiving 
mode instruction signals 4>DRi and 4>DWi from the inter- 
nal controller; and an arbiter circuit 64e responsive to 

io the output signals of gate circuits 64c and 64d for pre- 
venting access conflict according to a predetermined 
priority order. 

[01 25] Arbiter circuit 64e outputs an arbitration result 
signal <|>ABe applied to the external controller and an 

15 arbitration result signal <|>ABi applied to the internal con- 
troller. Arbitration result signals (|>ABe and <t>ABi are inac- 
tivated when an access is prohibited. Arbitration result 
signals <f>ABe and 4>ABi are applied, for example, to 
counters 62wc and 62rc shown in Figs. 23 and 24 to 

20 prohibit access to the DRAM (i.e. to prohibit data trans- 
fer between the registers and the global IO lines). Gate 
circuit 64c drives its output signal to an active state 
when one of operation mode instructing signals <j>DWe 
and <|>DRe is activated. Gate circuit 64d drives its output 

25 signal to an active state when one of the signals 4>DWi 
and 4>DRi is activated. 

[01 26] When only one of the output signals of gate cir- 
cuits 64c and 64d is activated, arbiter circuit 64e permits 
an access to the activated port (i.e. the external control- 

30 ler or the internal controller) by activating arbitration 
result signal <|>ABe or <t>ABi for the port permitted of 
accessing. When the output signals of gate circuits 64c 
and 64d are both activated, arbitration is made accord- 
ing to the predetermined priority order. The arbitration 

35 may be provided to allow the precedently accessing 
port to access the DRAM, or may be provided to allow a 
predetermined one port to always access the DRAM. 
[0127] DRAM driver 74 includes: a multiplexer 74a 
receiving external and internal address signals and 

40 selectively passing one of them according to arbitration 
result signals 4>ABe and 4>ABi from arbiter circuit 64e; a 
row decoder 74b activated in response to activation of 
row decode enable signal RDe from the array activation 
control circuit 64b to decode a row address, signal 

45 applied via multiplexer 74a to drive the word line WL 
corresponding to an addressed row to a selected state; 
and a column decoder 74c activated in response activa- 
tion column decode enable signal CDE from the array 
activation control circuit 64b to decode a column 

so address applied from multiplexer 74a to drive the col- 
umn select line CSL corresponding to an addressed col- 
umn to a selected state. 

[0128] Provision of multiplexer 74a ensures that a 
memory cell is selected according to an address signal 
55 from a port (the external controller or the internal con- 
troller) permitted to access the DRAM. 
[0129] Instead of the configuration shown in Fig. 20. 
external and internal controllers 62 and 72 may 



15 

BNSDOCID - EP I > 



29 



EP0 935 252 A1 



30 



received external and internal address signals from 
external and internal interfaces 60 and 70, respectively. 
In this configuration, arbitration result signals <f>ABe and 
<(>ABi from arbiter circuit 64e determines permis- 
sion/prohibition for address output of internal and exter- 5 
nal controllers 62 and 72. The prohibited address output 
is put in a high impedance state. Thus, even if the same 
address bus is used to apply address signals from inter- 
nal controller 72 and external controller 62 to row 
decoder 74b and column decoder 74c, the address out 10 
put in an access prohibition state is in a high impedance 
state and a memory cell can be accurately selected 
according to an address permitted of access. 
[0130] As shown in Fig. 26, for registers 20, 22, 30 
and 32 arranged along the four sides of DRAM memory is 
cell array 1 controllers 80, 82, 84 and 86 are provided, 
respectively Controllers 80, 82, 84 and 86 each receive 
an operation-mode designating command, and register- 
specifying data. The register-specifying data includes a 
data indicating that the associated controller is selected, 20 
and a destination register specifying data. In data trans- 
fer between registers also, registers 20, 22, 30 and 32 
are independently controlled by the associated control- 
lers 80. 82, 84 and 86. Controllers 80, 82, 84 and 86 can 
connect the associated registers 20, 22, 30 and 32 to 25 
global IO lines or subglobal IO lines according to an 
applied command to simultaneously transfer data from 
one register to a plurality of registers. 
[0131] It should be noted that in the configuration 
shown in Fig. 26, the register-specifying data is used to 30 
notify destination register that transfer is corrpletely 
prepared for. Controllers 80, 82, 84 and 86 are activated 
when each command is set from a standby state to a 
specific state. If two registers 20 and 22 are coupled 
with the external data bus and registers 22 and 32 are 35 
coupled with the internal data bus, as shown in Fig. 14, 
operations other than the data transfer between regis- 
ters also require the register-specifying data. 
[0132] Fig. 27 represents another modification of the 
sequence for reading data from the DRAM. In Fig. 27, 40 
the data read from the DRAM memory cell array is 
transferred to and stored in latches 20 and 22 simulta- 
neously. 

[0133] More specifically, at time t1, a word line WL in 
the DRAM memory cell array is driven to a selected 45 
state, a sense amplifier is then activated, and a selected 
bit line and a non-selected bit line which is connected to 
the selected word line WL but is not subjected to data 
transfer have their potentials varied and latched accord- 
ing to the corresponding memory cell data. When col- so 
umn select line CSL is driven to a selected state, the 
data latched by the sense amplifier for the selected bit 
line is transmitted onto global IO data bus GIO and the 
potential on global IO data bus GIO changes to the 
potential level corresponding to the selected memory ss 
cell data RD. 

[01 34] At time t2, read transfer instructing signals <|>ber 
and 4»bir are generated (i.e. activated) from external 



controller 62 and internal controller 72 (shown in Fig. 
20). In response to the activated read transfer instruct- 
ing signals <(>ber and <|>bir, the data reading portions of 
latches 20 and 22 are activated and the read data RD 
on global IO data GIO is stored in each of latches 20 
and 22. 

[0135] Read transfer instructing signal <f>ber applied 
from the external controller is a signal synchronized with 
external clock ExCLK, whereas read transfer instructing 
signal <|>bir applied from the internal controller is a signal 
synchronized with internal clock InCLK. Thus, signals 
<(>ber and (|>bir are not required to be activated at the 
same time, t2. Signals 4»ber and <f>bir are also not 
required to be activated for the same period of time. The 
internal controller and the external controller can be 
independently controlled by external control signal and 
internal control signal, respectively. Thus, the configura- 
tion shown in Figs. 22 to 24 can be used to implement 
the operation of transferring the data read from the 
DRAM memory cell array shown in Fig. 27 to registers 
20 and 22 simultaneously. 

[0136] When a DRAM read command is applied to the 
external and internal controllers simultaneously, the 
arbitration operation by DRAM control 64 shown in Fig. 
25 causes only one controller to be placed in an opera- 
ble state. Accordingly, simultaneous activation of trans- 
fer instruction signals <|>ber and <frbir as shown in Fig. 27 
requires an arbiter circuit as described later. In this 
case, however, one register has only to be adapted to 
perform an operation of reading the data on global IO 
data bus GIO simply according to another command 
prepared for reading the data on the global IO lines 
thereto, whereas the other register has only to be 
adapted to perform a DRAM read operation to perform 
the operation of reading the data read from the DRAM 
memory cell array thereinto. In this configuration, while 
the number of commands to be prepared is increased, 
particular changes are not required to the configuration 
of the external and internal controllers. 

Modification of Arbiter Circuit 

[0137] Fig. 28 shows the configuration of a modifica- 
tion of DRAM control 64 shown in Fig. 25. Fig. 28 shows 
the configuration of only the portion implementing the 
arbitration operation. The array activation control circuit 
which activates the DRAM memory cell array is also 
included in DRAM control 64. 

[0138] In Fig. 28, DRAM control 64 includes the con- 
figuration shown in Fig. 25 and in addition a gate circuit 
64f receiving DRAM read mode instructing signals 
<|>DRe and <|>DRi, a match detector 64g for detecting 
matching of external and internal address signals, a 
gate circuit 64h receiving an output signal from gate cir- 
cuit 64f and an output signal of match detector circuit 
64g, a gate circuit 64i receiving an output signal of gate 
circuit 64h and arbitration result signal <|>ABe from arbi- 
ter circuit 64e shown in Fig. 25, and a gate circuit 64j 
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receiving the output signal of gate circuit 64h and arbi- 
tration result signal <J>ABi. 

[0139] An arbitration result indicating signal $ABee 
from gate circuit 64i is applied to the external controller, 
and an arbitration result indicating signal <[>ABii from s 
gate circuit 64j is applied to the internal controller When 
arbitration result indicating signals $ABee and <|>ABii are 
inactivated, they each attain a low level to prohibit the 
operation of the associated controller. 
[0140] Gate circuit 64f outputs an activated signal io 
(high-level signal) when DRAM read mode instructing 
signals <t>DRe and <|>DRi are both activated. Match 
detector 64g outputs an active (high level} signal when 
an external address signal and an internal address sig- 
nal designate a same address. Gate circuit 64h outputs 75 
an active (high level) signal when the output signal of 
gate circuit 64f and the output signal of match detector 
64g are both activated. Gate circuit 64i activates arbitra- 
tion result indicating signal <|>ABee regardless of the 
state of arbitration result signal <|>ABe when the output 20 
signal of gate circuit 64h is in an active state. Similarly, 
gate circuit 64g also activates arbitration result indicat- 
ing signal 4>ABii regardless of the state of arbitration 
result signal 4>ABi when the output signal of gate circuit 
64h is in an active state. 25 
[0141] If the external and internal circuits both read 
the data of a memory cell located at the same address 
of the DRAM memory cell array, the arbitration opera- 
tion of the DRAM control shown in Fig. 28 activates the 
output signal of gate circuit 64h and therefore arbitration 30 
result indicating signals <t>ABee and 4>ABii and thus the 
external and internal controllers are both rendered 
operable. Thus, registers 20 and 22 shown in Fig. 20 
are connected to global IO lines GIO0 to GlOn to read 
in the memory cell data transferred on global IO lines 35 
GIO0 to GlOn and store the data 
[0142] The DRAM driver (shown in Fig. 20) selects 
one of external and internal address signals depending 
on the arbitration result from arbiter circuit 64e, as 
shown in Fig. 25. to perform a memory cell select oper- 
ation. The external and internal address signals desig- 
nate a same address and either address can thus be 
used without causing any problems. 
[0143] As shown in Fig. 28, when an external device 
and an internal circuit simultaneously request the read- 
ing of data located at the same address in the DRAM 
memory cell array, permission of reading the data into 
registers 20 and 22 allows the data to be transmitted 
from the DRAM memory cell array to registers 20 and 
22 in one operation to provide an improved data transfer 
efficiency (since the wait time of the external device or 
the internal circuit can be eliminated). 

Fifth Embodiment 

[0144] Fig. 29 schematically shows the entire config- 
uration of a memory integrated circuit device according 
to a fifth embodiment of the present invention. For the 
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memory integrated circuit device shown in Fig. 29, an 
SRAM array 90 is arranged opposite to DRAM memory 
cell array 1 with respect to register 22. Respective reg- 
ister circuits of register 22 are coupled with SRAM bit 
lines SBL0 to SBLn of the internal data lines in the 
SRAM array. In Fig. 29. an SRAM memory cell SMC 
arranged at the intersection of one word line SWL and 
SRAM bit line SBL0 is representatively shown. Internal 
circuit 66 accesses SRAM array 90. Register 20 is pro- 
vided with external interface 60 for data communication 
with the external to the device. External interface 60 has 
a bus-width conversion function to input and output data 
depending on the bus width of the external data bus. 
[0145] An SRAM is a memory higher in speed than a 
DRAM. Data are collectively transferred between 
DRAM memory cell array 1 and SRAM array 90 via reg- 
ister 22 and the required data is stored in SRAM array 
90. Accessing of internal circuit 66 SRAM array 90 
allows the required data to be rapidly accessed and 
processed. 

[0146] By employing SRAM array 90 as a so-called 
"cache", a memory integrated circuit device capable of 
rapid processing can be provided. Connection of SRAM 
bit lines SBL0 to SBLn as the internal data bus lines 
within SRAM array 90 to register 22 allows collective 
transfer of the corresponding data from SRAM array 90 
to register 22 and therefore efficient data transfer. Fur- 
thermore, it is not necessary to provide a dedicated 
internal data bus between register 22 and SRAM array 
90, resulting in reduction of the area occupied by inter- 
connection lines. 

First Modification 

[0147] Fig. 30 schematically shows the configuration 
of a first modification of the fifth embodiment according 
to the present invention. In Fig. 30, register 22 for an 
internal circuit is coupled with an SRAM 90a via an 
interface 95. An internal data bus 97a is provided 
between interface 95 and register 22, and an internal 
data bus 97b is provided between interface 95 and 
SRAM 90a. Interface 95 is provided with a function of 
converting a bus with depending on the data bus width 
(the number of data bits) of SRAM 90a. If the data bit 
width of SRAM 90a is the same as the number of data 
bits stored in register 22 (the number of global IO lines 
GIO0 to GlOn of the DRAM array), interface 95 simply 
controls writing/reading data to/from SRAM 90a in data 
transfer and is not particularly required of the bus-width 
changing function. 

[0148] SRAM 90a is also coupled with internal circuit 
66 via an interface 96 accessing SRAM 90a according 
to an access request from internal circuit 66. Interface 
96 is coupled with SRAM 90a via an internal data bus 
99. Interface 96 may have a data bus width converting 
function. Internal data buses 97b and 99 may be SRAM 
bit lines within the SRAM array of SRAM 90a. 
[0149] In the configuration shown in Fig. 30 also, inter- 
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nal circuit 66 can access SRAM 90a. Thus, the data 
required can be read from SRAM 90a as a high-speed 
memory by accessing it, to achieve fast data process- 
ing. Also, the processed data can be stored in SRAM 
90a to rapidly store results of data processings. Thus, a 
memory integrated circuit device with rapid processing 
function can be provided. Register 20 provided for an 
external circuit to DRAM array 1 is coupled via external 
interface 60, which configuration is the same as that 
shown in Fig. 29. 

Second Modification 

[0150] Fig. 31 schematically shows the configuration 
of a second modification of the fifth embodiment of the 
invention. The memory integrated circuit device shown 
in Fig. 31 includes SRAM array 90, as is similar to the 
configuration shown in Fig. 29. Memory data bus lines 
MDB0 to MDBn are provided over SRAM array 90 and 
connected to a register 100 arranged opposite to regis- 
ter 22 with respect to SRAM array 90. Register 100 can 
perform collective data transfer to and from SRAM array 
90 via SRAM data bus SDB. Internal circuit 66 selec- 
tively accesses register 100 by the number of bits corre- 
sponding to the data bus width of the internal circuit. In 
this example, internal circuit 66 has a function of suc- 
cessively selecting the ports of register 100 that are 
coupled with internal circuit 66. 

[0151] Since memory data bus MDB (MDB0 to MDBn) 
between registers 22 and 100 is provided over SRAM 
array 90, the interconnection area between registers 22 
and 100 are not particularly required. Registers 22 and 
100 can simply be connected together &; linear memory 
data bus lines MDB0 to MDBn to allow data transfer at 
the minimum distance. 

[0152] The data transfer between register 100 and 
SRAM array 90 via SRAM data bus SDB allows fast 
data transfer. SRAM data bus SDB may be connected 
to respective SRAM bit lines of the SRAM array Since 
memory data bus lines MDBO to MDBn are formed in an 
interconnection layer above SRAM bit lines, data can be 
transferred between SRAM array 90 and register 100 
without causing any problems. 

[0153] In the configuration shown in Fig. 31, internal 
circuit 66 successively accesses the data stored in reg- 
ister 100. Since a prefetch memory is provided within 
internal circuit 66 successive storage of data into the 
prefetch memory allows internal circuit 66 to rapidly per- 
form the required data processings. Furthermore, since 
memory data bus lines MDBO to MDBn overlying the 
SRAM array are provided over and across SRAM array 
90, the data transfer between the SRAM array and reg- 
ister 100 can be performed in parallel with the data 
transfer between register 22 and register 100. 

Chip Layout 

[0154] Fig. 32 schematically shows the layout of the 



entire chip of a memory integrated circuit device accord- 
ing to the present invention. In Fig. 32, a memory inte- 
grated circuit device 200 are divided into four regions 
#A, #B, #C and #D in arrangement. Arranged in region 

5 #A are a DRAM mat (array) 202a with a storage capac- 
ity of e.g. 2M bits and an SRAM array 204a with a stor- 
age capacity of e.g. 8K bits. Arranged on both sides of 
DRAM array 202a are a bus interface unit 206a as a first 
register and a DRAM read/write buffer register (DRWB) 

io 208a as a second register. A column decoder 214a for 
selecting the columns of the DRAM memory cell array is 
arranged between DRAM memory array 202a and 
DRAM read/write buffer 208a. A row decoder 212a for 
selecting the rows of DRAM memory array 202a is 

75 arranged on that side closer to the center of the chip of 
DRAM memory array 202a. A memory read/write buffer 
(MRWB) 210a for transferring data to and from SRAM 
array 204a is arranged opposite to DRAM read/write 
buffer (DRWB) 208a with respect to SRAM array 204a. 

20 Memory read/write buffer 210a corresponds to register 
100 shown in Fig. 31. 

[0155] Arranged in region #B are a DRAM memory 
array (mat) 202b, an SRAM array 204b, a bus interface 
unit (BIU) 206b, a DRAM read/write buffer (DRWB) 

25 208b, a memory read/write buffer (MRWB) 210b, a col- 
umn decoder 214b and a row decoder 212b. Each com- 
ponent in region #A and each component in region #B 
are arranged in mirror symmetry with respect to the 
central region of the integrated circuit device. Bus inter- 

30 face units (BlUs) 206a and 206b each transfer data to 
and from the external and have function of changing a 
bus width depending on the external data bus. Thus, 
bus interface units (BlUs) 206a and 206b each include 
both the first register and the external interface. 

35 [01 56] Arranged in region #C are a DRAM array 202c, 
an SRAM array 204c, a bus interface unit (BIU) 206c, a 
DRAM read/write buffer (DRWB) 208c, a memory 
read/write buffer (MRWB) 210c, a row decoder 212c 
and a column decoder 21 4c. The components in region 

40 #C and those in region #A are arranged in mirror sym- 
metry with respect to the centerline in the longitudinal 
direction of the figure. 

[0157] Arranged in regions #D are a DRAM array 
202d, an SRAM array 204d, a bus interface unit (BIU) 

45 206d, a DRAM read/write buffer (DRWB) 208d, a mem- 
ory read/write buffer (MRWB) 2l0d, a column decoder 
214d and a row decoder 21 2d. The components in 
region #C and those in region #D are arranged in mirror 
symmetry with respect to the centerline extending in the 

so lateral direction of integrated circuit device 200. Since 
the components in regions #A to #D are arranged in mir- 
ror symmetry along the centerlines. optimization of 
arrangement of the components in one region can read- 
ily result in the optimal arrangement of memory inte- 

55 grated circuit device 200. 

[0158] Within the block region surrounded by the bro- 
ken line shown in the center region of memory inte- 
grated circuit device 200, is provided an internal 
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circuitry region 250 in which the internal circuits 
required are arranged. An internal circuit, a controller 
and the like are arranged in internal circuitry region 250. 
[0159] SRAM arrays 204a, 204b, 204c and 204d are 
also provided with a row decoder, although not clearly s 
shown in Fig. 32. The respective column decoders are 
arranged between the SRAM arrays and the respective 
memory read/write buffers (MRWBs). When data trans- 
fer between a memory read buffer (MRWB) and an 
SRAM array is performed for all of the bit lines simutta- 10 
neously, the column select operation is not particularly 
required. SRAM arrays 204a to 204b each include 
memory cells arranged in 256 rows and 32 columns. 
DRAM arrays 202a to 202d each have 32 global IO 
lines. Accordingly, simultaneous data transfer in regions 75 
#A to #D allows 128-bit data transfer for the DRAM and 
SRAM arrays and thus rapid data transfer. Furthermore, 
when an internal circuit formed in internal circuitry 
region 250 accesses an SRAM array or a memory 
read/write buffer (M RWB) , the internal circuit can rapidly 20 
process the data required. 

[0160] According to the fifth embodiment of the 
present invention, out of the registers on the both sides 
of a DRAM, one register provided for an internal circuit 
is further connected to an SRAM via an internal data 25 
bus, as described above, and the internal circuit can 
access the SRAM as a high-speed memory and thus 
rapid data processing is achieved. 

Other Applications 30 

[0161] The internal circuit of the memory integrated 
circuit device according to the present invention can be 
any circuit with the function of producing address sig- 
nals and control signals and can be a logic performing a 35 
logic operation under the control of a sequence control- 
ler and a processor performing an operation in accord- 
ance with a program. 

[0162] The internal circuit may repetitively and 
sequentially performs a same processing, as in image 40 
data processing, without generating addresses. In this 
example, the internal circuit simply generates data 
request and addresses are internally and automatically 
generated at predetermined timings. An external con- 
troller controls data processing timing (which allows the 45 
state of progress to be monitored by means of an exter- 
nal clock signal), and also controls access to the DRAM. 
[0163] Although the preferred embodiments of the 
present invention have been described in detail, the 
present invention is not limited to the described pre- so 
ferred embodiments and is capable of various variations 
and the scope of the present invention is determined by 
the appended claims. 

Claims 55 
1 . A memory integrated circuit device comprising : 



a memory cell array (1 ; 202a to 202d) having a 
plurality of memory cells (MCs) arranged in 
rows and columns; 

a plurality of internal data bus lines (GIO0 to 
GI017; GIO0 to GlOn) provided over said 
memory cell array, for data communication with 
a column selected in said memory cell array; 
a plurality of registers (20, 22, 30, 32; 206a to 
206d. 208a to 208d) each including a plurality 
of register circuits (25) provided for said plural- 
ity of internal data bus lines respectively; and 
control means (62, 72; 80, 82, 84, 86) respon- 
sive to an instruction of data transfer for selec- 
tively coupling a selected register of said 
plurality of registers with said plurality of inter- 
nal data bus lines. 

2. The memory integrated circuit device according to 
claim 1 , wherein: 

said memory cell array (1; 202a to 202d) 
includes 

a plurality of subarray blocks (SBA00 to 
SBA77) arranged in rows and columns each of 
the subarray blocks having memory cells 
(MCs) arranged in a plurality of rows and a plu- 
rality of columns, subarray blocks aligned in a 
row direction configuring a row block (RB#0 to 
RB#7) t subarray blocks aligned in a column 
direction configuring a column block (CB#0 to 
CB#7), and 

a plurality of local data bus lines (LlOa to LlOd) 
corresponding to the subarray blocks and pro- 
vided a predetermined number for each of the 
subarray blocks; and 

said plurality of internal data bus lines (GIO0 to 
GI0127; GIO0 to GlOn) include a plurality of 
global data bus lines (GIO0 to GIQ17; GIO0 to 
GlOn) formed in an interconnection layer differ- 
ent from a layer for said plurality of local data 
bus lines and provided a predetermined 
number for each of the column blocks. 

3. The memory integrated circuit device according to 
claim 2, wherein: 

said memory cell array (1 ; 202a to 202d) has a 
shape of a quadrilateral; and 
said plurality of registers (20, 22, 30, 32; 206a 
to 206d, 208a to 208d) include registers (20, 
22; 206a to 206d. 208a to 208d) arranged 
along at least two sides of said quadrilateral, 
. said two sides being opposite to each other in 
said column direction. 

4. The memory integrated circuit device according to 
claim 3, wherein: 



19 



37 



EP 0 935 252 A1 



38 



9. 



10 



15 



said plurality of registers (20, 22, 30, 32; 206a 
to 206d, 208a to 208d) further include a regis- 
ter (30, 32) arranged along a side different from 
said two sides; and said memory integrated cir- 
cuit device further includes an interconnection 
line (SGIO0 to SGIOT7; SGIO0 to SGIOn) 
formed in an interconnection layer different 
from the layer for the global data bus lines, for 
connecting said register arranged along the dif- 
ferent side and said global data bus lines (GIO0 
to GI017; GIO0 to GlOn) together. 

5. The memory integrated circuit device according to 
claim 4, wherein said interconnection line (SGIO to 
SGI0127; SGIO0 to SGIOn) is formed parallel to 
said local data bus lines (LlOa to LlOd) and in an 
interconnection layer (56a to 56c) different from the 
layer for the local data bus lines. 

6. The memory integrated circuit device according to 
claim 4, wherein said interconnection line (SGIO0 
to SGIG127; SGIO0 to SGIOn) is formed parallel to 
said local data bus lines (LlOa to LlOd; 41a to 41d) 
and in a same level interconnection layer (42a to 
42d) as said local data bus lines (LlOa to LlOd" 41 a 
to41d). 

7. The memory integrated circuit device according to 
claim 1 , wherein 

at least one but not all (20; 20, 30; 206a to 
206d) of said plurality of registers (20, 22, 32, 
34; 206a to 206d, 208 to 208d) is coupled with 
an external to said memory integrated circuit 
device; and 

at least one register (22; 22, 32; 208a to 208d) 
of other registers or register of said plurality of 
registers is coupled with an internal circuit (66; 
90; 204a to 204d) of said memory integrated 
circuit device. 

8. The memory integrated circuit device according to 
claim 7, wherein said internal circuit includes: 



a second memory unit (90; 204a to 204d) 
accessible at a higher speed than said memory 
cell array; and 

an internal bus line (SBL0 to SBLn; MDB0 to 
MDBn) provided separately from said internal 
data bus line between said at least one register so 
and said second memory unit. 

The memory integrated circuit device according to 
claim 7, wherein said control means (62, 72; 80, 82. 
84. 86) includes: ' 55 

first control means (62) responsive to an exter- 
nal control signal for controlling an operation of 
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the register (20) coupled with said external; 
and 

second control means (72) responsive to a 
control signal from said internal circuit (66) for 
controlling an operation of the register (22) 
coupled with said internal circuit. 

The memory integrated circuit device according to 
claim 1, wherein said control means (62, 72) 
includes means (62b) for transferring data between 
registers selected (20, 22) from said plurality of reg- 
isters (20, 22, 30, 32) via said internal data bus line 
(GIO0 to GI0127; GIO0 to GlOn) according to an 
rnstruction of data transfer between registers, said 
data transfer according to said instruction of data 
transfer between registers being carried out when a 
selected column of said memory cell array (1) is 
disconnected from said internal data bus line. 

The memory integrated circuit device according to 
claim 1, wherein said control means (62, 72; 80, 82, 
84, 86) includes means (62a, 62b, 64) responsive 
to an instruction of data read transfer for reading 
data of a memory cell selected from said memory 
cell array (1) onto said internal data bus line (GIO0 
to GI017; GIO0 to GlOn) and coupling a register 
(20, 22, 30, 32) selected from said plurality of data 
registers with said internal data bus line. 

12. The memory integrated circuit device according to 
claim 11, wherein the register (20, 22; 30, 32) 
selected from said plurality of registers (20* 22, 30, 
32) includes means (25a; 25a, 25cr; 26ra, 26rb) for 
reading in and holding the memory cell data read 
on said internal data bus line. 

13. The memory integrated circuit device according to 
claim 7, wherein said control means (62, 72) 
includes: 

decision means (64f, 64g, 64h) receiving an 
externally supplied instruction of a data reading 
request, and an external address signal, an 
instruction of a data reading request and an 
internal address signal supplied from the inter- 
nal circuit, for deciding whether the externally 
supplied instruction of the data reading request 
and said instruction of the data reading request 
from said internal circuit are both activated and 
whether said external address signal and said 
internal address signal match; and 
read arbitration activating means (64a, 64a, 
64rc) responsive to a simultaneous activation 
indication and an indication of match indicative 
of the match of the addresses from said deci- 
sion means, for coupling the register (22) cou- 
pled with the external and the register (22) 
coupled with said internal circuit (66) with said 
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interna! data bus line (GIO0 to GI0127; GIO0 
to GlOn) to read the data read on said internal 
data bus line into the register coupled with a 
circuit at said external and the register coupled 
with said internal circuit. 5 

14. The memory integrated circuit device according to 
claim 1, wherein said control means (62, 72) 
includes means (62a, 62b, 64) responsive to an 
instruction of data write transfer, for coupling col- io 
umns selected (CSL) from said columns (BLs) of 
said memory cell array (1) with the internal data bus 
lines (GIO0 to GI017; GIO0 to GlOn) and coupling 

at least two registers (20, 22) among said plurality 
of registers (20, 22, 30, 32) with the internal data is 
bus lines, transferring write data to said internal 
data bus lines from one register (24) of said at least 
two registers designated according to said instruc- 
tion of data write transfer, and writing the write data 
to said selected columns and to a remaining regis- 
ter (22) of said at least two registers. 

15. The memory integrated circuit device according to 
claim 1 , wherein said memory cells (MCs) of said 
memory cell array (1 ; 202a to 202d) are dynamic 
type memory cells. 

16. The memory integrated circuit device according to 
claim 8. wherein said second memory unit (90; 
204a to 204d) includes a plurality of static type 
memory cells (SMCs). 

17. The memory integrated circuit device according to 
claim 1, wherein: 

said memory cell array (1 ; 202a to 202d) has a 
shape of a quadrilateral and the internal data 
bus lines (GIO0 to GI0127; GlOO to GlOn) are 
arranged along a direction in which said col- 
umns extend; and 

said plurality of registers (20. 22, 30, 32; 206a 
to 206d. 208a to 208d) include registers (20, 
22; 206a to 206d, 208a to 208d) arranged 
along two sides opposite in said direction in 
which said columns extend. 

18. The memory integrated circuit device according to 
claim 17, wherein said plurality of registers (20, 22, 
30, 32) further include a register (30. 32) arranged 
along a side different from the two sides opposite in 
the column direction of said quadrilateral and cou- 
pled with the internal data bus lines by an intercon- 
nection lines (SGIO0 to SGI0127; SGIO0 to 
SGIOn) formed in an interconnection layer different 

. from a layer for said internal data bus lines. 

19. The memory integrated circuit device according to 
claim 18. wherein said interconnection lines 



(SGIO0 to SGI0127; SGIO0 to SGIOn) are 
arranged over said memory cell array (1) in a direc- 
tion in which said rows extend. 

20. The memory integrated circuit device according to 
daim 1 , wherein said memory cell array (1 ; 202a to 
202d) and registers (20, 22; 206a to 206d, 208a to 
208d) arranged opposite in the column direction of 
said memory cell array are arranged in each of four 
divided regions (#A to #D) on a rectangular semi- 
conductor chip (200). 
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